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Abstract 
 
Simulation training is an evolving method of education with the potential to assist surgical 
training and improve operative performance. Modern surgical training is hampered by 
increasing number of trainees, reduced working hours and reduced surgical opportunities 
for trainees to develop their skills. Furthermore, there are significant ethical concerns with 
the traditional apprenticeship approach. In the modern medical climate it is necessary to 
look for adjuncts to traditional surgical training, of which simulation appears promising. 
 
Whilst there are many methods of simulation, low-fidelity surgical task trainers are likely to 
provide a cost effective and obtainable approach to surgical skill development. Low-fidelity 
trainers have been shown to be effective in improving surgical skills in some surgical 
environments, but the research is limited in the variety of surgeries for which there is 
evidence for efficacy. Furthermore, it is not clear how best to implement simulation training 
into surgical curricula.  
 
Surgical training in gynaecology has been impacted by the reduction in opportunities for 
specialty trainees to develop their skills during real operations. Unfortunately, whilst our 
knowledge of the benefits of simulation in a number of fields has been is well established, 
significant questions exist as to the effectiveness of simulation for training in many surgical 
procedures specific to gynaecology. Furthermore, the uptake of simulation in a practical 
sense appears to lag behind evidence for its potential role. It is likely that significant 
barriers exist preventing the uptake of simulation. It is proposed that such barriers might 
include both elements of the efficacy and acceptability of simulation.  
 
In order to better understand what impacts on simulation acceptability and successful 
simulation integration within surgical curricula, a series of complementary studies was 
undertaken. Initially a survey was performed to understand the current uptake of and 
attitudes towards simulation in gynaecology in Australia. This provided a useful baseline 
evaluation of the potential barriers to the use of simulation training. Subsequently, two 
studies were performed to evaluate the efficacy and acceptability of simulation within a 
practical setting. In one study, low-fidelity simulation training was examined through the 
evaluation of a previously untested simulator for a non-laparoscopic gynaecology 
procedure to determine the efficacy and acceptability of a low-fidelity simulator. In a 
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separate study, a low-fidelity simulator with previous published validity for laparoscopic 
training was incorporated into a surgical training curriculum to investigate the efficacy and 
acceptability of the method to trainees. Using the constructivist approach, a detailed 
inquiry was performed into trainee experience with low-fidelity simulation to explore 
previously unrecognized influences of acceptability. The Theoretical Domains Framework 
was used to assess and understand trainee behaviour and the barriers and enablers their 
interaction with the intervention. This analysis allowed the identification of evidence-based 
behavior change interventions, in order to inform future program design and direct the 
integration of low-fidelity simulation in an effective and acceptable manner. 
 
Through the research outlined in this thesis existing barriers were found to widespread 
uptake of simulation training in gynaecology, particularly difficulties with equipment access 
and time for training. Despite designing low-fidelity simulation-based programs to assist 
trainees in learning laparoscopic and LLETZ procedural skills, the engagement was 
suboptimal and signaled underlying unrecognized barriers to participation. Trainees were 
reluctant for simulation training to detract from clinical opportunities and did not prioritise 
training outside of work hours over the demands of competing work-associated duties and 
life activities.  
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DEFINITIONS 
Trainees: Post-graduate medical officers (doctors) who are undertaking specialist training. 
Otherwise known as vocational training.   
Consultants: Medical doctors who have completed specialist training and are generally 
acting in a supervisory role to trainees. Otherwise known as specialists.  
Specialists: Medical doctors who have completed specialist training (in gynaecology for the 
purpose of this thesis) 
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1. INTRODUCTION 
The aim of surgical training is to produce adequately skilled medical professionals who are 
competent in the range of surgical procedures required by their specialty.1 Traditional 
apprenticeship-style surgical training requires a high volume of cases and a society 
tolerant of error.2, 3 “See one do one teach one” is not an acceptable adage when 
considering patient outcomes rely on a surgeon’s technical skill.3 Nor is it compatible with 
the modern emphasis on patient safety and pressure to increase operating room 
efficiencies and reduce costs.4 Traditional techniques may struggle to provide adequate 
surgical training in an environment of increased numbers of trainees, reduced working 
hours and a lower number of surgical cases.5 Traditional training methods can dilute the 
quality of training and waste learning opportunities.6 There has been minimal change in 
surgical training to compensate for the recognised reduction in surgical exposure.7 The 
quality of surgical training has suffered from these conditions and in gynaecology there are 
reports of suboptimal surgical performance and confidence amongst graduates.8-10 
Alternatives to traditional apprenticeship training need to be explored. Indeed it has been 
suggested that in the medical environment where a patient is placed at risk of harm as an 
inevitable consequence of the systems for training surgeons, it is only ethically tolerable if 
there is maximal use of other methods for training.11, 12 Simulation training is one such 
method suggested for enhancing surgical training.6, 7 
 
Gaba (2004) defines simulation as “a technique, not a technology, to replace or amplify 
real experiences with guided experiences, often immersive in nature, that evoke or 
replicate substantial aspects of the real world in a fully interactive fashion.”13 Simulation 
training may have cost and safety benefits, and allow opportunities for practice in surgical 
skills that are infrequently encountered by trainees.11, 14 Patients believe there should be 
mandatory simulation competency assessments.15 There is an ever-increasing body of 
evidence to support the value of simulation in enhancing surgical skills, but not the 
corresponding evidence of effective integration into surgical training. The reasons for this 
failure to adopt simulation in surgical training are likely multi-factorial. Understanding the 
issues impacting on the integration of simulation would better equip those responsible for 
surgical training to plan and implement successful curricula.  
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To gain a deeper understanding of the ability of simulation training to be effectively and 
acceptably integrated in surgical curricula, this thesis will review educational theory 
relating to procedural skill development, the role of simulation in skill development, the 
place for low-fidelity simulation and factors influencing the integration of simulation 
training. The use of simulation will be reviewed in the context of surgical training in 
gynaecology.  
 
1.1. Educational theory and surgical training 
There is significant variation in the types of simulation-based-training in use. Selecting the 
appropriate approach to surgical training requires an understanding of the nature of 
learning. A review of educational theory relating to surgical procedural training was 
performed to understand potentially appropriate approaches to the use of simulation for 
surgical training. In considering the use of simulation training, an understanding of how 
skills are developed guides the selection of appropriate training techniques. Surgical 
procedures are considered complex tasks, containing multiple steps and integrated 
psychomotor and cognitive skills.16 A number of theories and models have been proposed 
regarding the learning of complex tasks and the acquisition of expert-level performance. 
Selected for detailed review are the strategies that are commonly linked to medical and 
surgical training and assist the educator to plan a strategy for teaching, based on which 
variables will and will not likely matter.17 This literature review examines the leaning of 
complex tasks, deliberate practice, mastery learning, warm up, cognitive load theory and 
the relationship of these areas of educational theory to simulation for surgical training.  
Learning of complex tasks 
Training in surgery involves the acquisition of the motor skills that form a part of complex 
tasks. Fitts and Posner (1967) proposed a three-stage theory of skill acquisition.18 In the 
first stage, the cognitive stage, a learner is trying to understand the task and is often 
working from instructions and verbalising necessary information.18, 19 The early phases of 
learning are ideal for repetition and practice, as well as the provision of coaching and 
feedback. The later (more automatic) stages are when the learner has the fundamental 
skills required to further enhance their expertise through exposure to the complications 
and variations encountered in live surgery. Targeting simulation training towards the early 
stages of acquisition would likely benefit surgical trainees to progress more rapidly through 
the cognitive and associative stages.  
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Deliberate practice 
The early stages of skill acquisition are ideal to employ repetition and practice to improve 
performance. Ericsson proposed that in many disciplines the attainment of expertise 
results from deliberate practice, as opposed to the assumption that expertise is the 
consequence of experience and innate ability.20 Deliberate practice is repeated 
performance of a discrete task to improve an aspect of overall performance, with the 
assistance of coaching and immediate feedback on performance.21 Surgical training by 
process of live operation exposure allows limited opportunities for deliberate practice.21 
The number of surgeries for each trainee is restricted. The essential and difficult tasks may 
form a small portion of long procedures, or some tasks may be so rare that few could 
master the skill from practice in clinical settings alone.22 Simulation training could provide 
opportunities for deliberate practice outside of the operating theatre and ought to benefit 
trainees.  
Mastery learning 
The aim of mastery learning is to ensure that trainees reach a pre-defined educational 
objective with little variation in performance outcomes.23 Emerging from school-based 
education literature, mastery learning follows the conceptual model that student learning 
should occur to a prescribed level in any amount of time, rather than to any level in a 
prescribed period of time.24, 25 Mastery learning relies on trainees following a process 
through baseline assessment, practice aimed at learning objectives in tasks of increasing 
difficulty, deliberate practice in these tasks, task assessment and continued practice.23, 26 
The amount of time taken to achieve the objectives will vary for trainees.26 Mastery 
learning through simulation training has been demonstrated to have a large effect on skill 
acquisition and moderate effect on patient outcomes.27 Simulation-based mastery learning 
leads to translational outcomes at an individual and population level in healthcare and has 
demonstrated superiority to traditional training.28 Widespread implementation of mastery 
learning methodologies has been encouraged on the basis of these findings.23 Simulation-
based training curricula should therefore promote proficiency-based targets.  
Warm up 
It is possible to promote skill development through warm-up or rehearsal.29 Performing a 
simulated procedure prior to a real procedure may allow surgeons to engage their internal 
models (such as visualisation of a surgery) of the external world.29 This can facilitate recall 
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of procedural steps and prompt strategic planning for complications.29 Furthermore, 
rehearsal can assist calibrating their motor system to the necessary visual and motor 
transformations required for the procedure.29 These effects are consistent with the finding 
that warm-up appears to be more effective if the planned procedure is simulated, rather 
than generic exercises.30 Studies in laparoscopy (no identified studies for non-laparoscopic 
surgeries) show an improvement in real-operative outcomes following warm up training. 29, 
31-35 Simulation training can be used to allow opportunities for ward up as part of surgical 
training.  
Cognitive load theory 
The cognitive load theory proposes that humans have a limited working memory.36, 37 If 
and activity has demands for working memory that exceed cognitive capacity, learning will 
be impaired.38 This theory guides strategies to optimise the learning of complex tasks, 
which place a high load on a learner’s cognitive system. It has been shown in surgery that 
trainees are more affected by cognitive load than experts. Students learning to tie knots 
were slower to react to a secondary task of responding to changes in the patient’s heart 
rate than experts.39 One method with evidence for reducing cognitive load is pre-training.40 
A surgery where the trainee surgeon is focusing on how to tie a knot is an opportunity for 
learning wasted. The knot-tying skill should be learned prior to commencing live operating. 
Gallagher referred to this as the creation of a “pretrained novice”.41 Pre-training enables 
novice surgeons to learn particular skills or knowledge about the elements of a procedure, 
prior to beginning to practice the entire procedure. This pre-training could be achieved 
through simulation, particularly low-fidelity simulation as it may also facilitate a reduced 
cognitive load.42 
 
Gaming  
Gaming principles, particularly in serious games, are often used in education delivery to 
optimise motivation while allowing content transfer and practice.43 Gaming is ideally 
motivating to learners through the use of entertainment, goal-attainment and interaction.43, 
44 Goal motivation theory (underpinning learner engagement with gaming) suggests that 
learners are motivated to either improve their mastery of a topic (improve knowledge or 
skill) or improve their performance on a task.44, 45 Unfortunately, learners may be more 
motivated by the game aspect with performance motivation, focusing on score attainment 
or surpassing competitors with least effort.44 Research in gaming is lacking in 
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understanding of optimal design and which discrete elements lead to positive learning 
outcomes.46 For these reasons gaming approaches have been considered in the planning 
of curricula in this research (in terms of motivation through goal setting and targets), but 
not directly employed as the basis for the provision of simulation-training.  
 
1.2. Summary of learning theories and relationship to surgery 
Surgical training is problematic as the opportunities for learning are often opportunistic and 
unstructured.47 The apprenticeship model relies on high volume exposure and is tested in 
the modern workforce where higher numbers of trainees and reduced work volumes mean 
relatively reduced exposure to surgery for each trainee.10 Trainees need opportunities for 
deliberate practice of basic skills in order to move to stages of more advanced 
performance where surgical skills are more fluent and automatic (without the need to focus 
on the detail of each step, reducing cognitive load). If surgical exposure is limited, the 
earlier a trainee can acquire the basic motor skills, the relatively greater benefit they will 
receive when accessing the complex learning environment of real-life surgery. Trainees 
should have opportunities to develop a wide variety of skills as much as possible in 
between opportunities in live procedures. Mastery learning principles should be followed to 
promote goal-directed skill development. The potential for simulation training lies in this 
opportunity for skill-level-specific, goal-directed deliberate practice, to pre-train the novice 
and allow maximal opportunity for each trainee to benefit from live surgery exposure. 
  
From reviewing the literature on education theory and its relationship to surgical training, it 
is proposed that simulation is likely to be valuable in training doctors to perform the 
complex tasks required for surgery in gynaecology. The simulation environment can be 
tailored to reduce the cognitive load of the trainee and allow opportunities for deliberate 
practice, leading to the development of a “pretrained novice”. Simulation provides a 
method to support learning through mechanisms that align with educational theory. This is 
likely to be particularly useful in areas where traditional methods for training are 
suboptimal. Despite this, the degree to which simulation is effective in a variety of areas of 
surgical training is unknown. Simulation has been tested for efficacy in developing skills in 
a variety of industries, but research for the use of simulation in certain areas of surgical 
training is limited.  
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1.3. Simulation for skill development 
Simulation across industries 
Simulation training, whilst relatively new in healthcare, has been previously established in 
other fields for training pilots, astronauts, military workers and business executives.48-50 
Simulation is probably most readily recognised for its use in the aviation industry.51 Many 
comparisons can be made between simulation in healthcare and aviation. The medical 
climate of heightened concern for patient safety and the growing cost of healthcare and 
training resembles the conditions promoting simulation uptake in aviation.52 Aviation and 
medicine share a similar crisis phenomenon; where life and death scenarios can arise to 
test the skill, decision making and teamwork of personnel.53 However, significant variation 
is encountered in a healthcare environment (such as an operating theatre) and while an 
aircraft may perform predictably (in response to the actions of the pilot), the same is not 
the case in medicine due to each patient’s unique physiology.54 Additionally, doctors rely 
greatly on subtle cues such as a patient’s appearance or demeanor to narrow their 
diagnosis and these are difficult to represent in simulations due to the differences between 
the appearance and behaviour of humans and simulators.54 However, some aspects of 
medicine, such as well-defined skills in surgical procedures, can represent optimal areas 
for simulation training. The aviation industry saw that although simulation may not exactly 
mimic real-life events, it remained a useful method for training and assessment and 
subsequently forms part of pilot licensing, accreditation and re-credentialing.48, 49, 55 Whilst 
simulation in healthcare may differ in some ways from aviation, the similarities justify 
research to establish the extent to which it serves as an adjunct to traditional surgical 
training. 
Simulation in healthcare 
Simulation can take many forms. A summary of commonly used simulation devices, along 
with their potential advantages and disadvantages, is outlined in Table 1.21, 47, 49 Part-task 
trainers are used to train surgical procedures or skills used in surgery. Virtual reality 
trainers (and hybrid simulators) can also be used to develop surgical skills, but are limited 
by a lack of portability, maintenance requirements and costs that can be prohibitive to 
many centres.21, 49 Part-task trainers are relatively accessible and allow for deliberate 
practice; features ideal for surgical training.  
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 Table 1: Types of sim
ulation
21, 47, 49, 56  
Sim
ulation 
Exam
ple 
U
se 
A
dvantages 
D
isadvantages 
Sim
ulated 
patient 
A
ctor coached to sim
ulate a 
patient 
C
om
m
unication training or non-
invasive procedures such as 
blood pressure m
easurem
ent or 
a respiratory exam
ination.  
E
nable a realistic patient 
encounter.  
C
ost of em
ploym
ent. Training 
required to “standardise” 
perform
ance. N
ot suitable for 
invasive procedures. C
annot 
represent pathophysiology. 
M
anikin 
A
dult, paediatric and neonatal 
sized full body m
anikins that vary 
in fidelity. M
ay incorporate 
program
m
able actions and 
physiology 
C
risis m
anagem
ent and team
 
training. R
esuscitation.  
P
rogram
m
able physiological 
responses allow
s for the 
sim
ulation to adapt to the 
participants’ actions.  
E
xpensive. S
ubject to dam
age, 
therefore can’t perform
 all 
procedures (eg. surgery or 
cannulation) on all m
odels. 
R
equire trained personnel.  
Part-task 
trainers 
“B
ox trainer” for laparoscopic 
surgery, “skin pad” for practicing 
suturing, representations of 
hum
an body parts (eg. arm
 for 
cannulation) 
Training less com
plex 
procedures or parts of com
plex 
procedures 
Less expensive, portable, can 
often be used repeatedly, allow
 
for deliberate practice.  
O
ften cannot perform
 an entire 
procedure if the anatom
y is 
lim
ited. U
sually low
-fidelity and 
w
ithout physiological responses.  
Screen based 
sim
ulation 
C
om
puter program
s w
ith on-
screen representations of 
sim
ulated “cases” such as an 
anaesthetised patient and 
associated m
onitor readings 
Learner required to respond to 
inform
ation presented in case 
through on-screen w
ritten 
prom
pts or visual (eg. E
C
G
 
m
onitor) 
R
eusable. O
bjective feedback on 
leaner responses. C
an provide a 
score for the learner based on 
their choice of actions.  
K
now
ledge rather than 
procedural skill tested. R
ecreate 
only lim
ited aspects of a 
healthcare environm
ent.  
Virtual reality 
sim
ulators 
C
om
puter generated im
ages 
incorporated w
ith surgical 
instrum
ents to perform
 
procedures including 
laparoscopy, colonoscopy, 
hysteroscopy.  
P
erform
 steps of com
plex 
procedures w
hile visualising 
anatom
y on a screen. E
g. 
P
erform
 a gallbladder dissection 
or laparoscopic hysterectom
y.  
C
an represent a procedure 
(alm
ost) in its entirety. 
P
rogram
m
ed anatom
y and 
physiology (bleeding, tissue 
tearing). H
aptic touch feedback. 
O
bjective feedback. R
eusable.  
E
xpensive. Less portable than 
low
-fidelity trainers. R
equire 
updates and m
aintenance.   
H
ybrid 
sim
ulators 
C
om
bine different types of 
sim
ulation such as full body 
m
anikin or sim
ulated patient w
ith 
virtual reality surgical sim
ulator. 
C
om
bine procedural tasks w
ith 
other learning tasks such as 
patient com
m
unication  
Increases fidelity of learning 
experience.  
C
ost and trained personnel.  
A
ugm
ented 
reality 
S
uperim
posing virtual reality 
onto real w
orld during sim
ulation, 
such w
earable displays or 
com
puters, or displays 
projected onto hum
ans / 
m
anikins 
C
om
bine com
puter generations 
onto real-w
orld tasks to enhance 
learning 
E
nhancing using experience 
C
ost and trained personnel  
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Advantages and disadvantages of simulation 
There are a number of arguments for using simulation for surgical training. 
The potential harm to patients that might be caused by training is tolerable 
only if other methods that do not put patients at risk are maximised.11 
Simulation allows skill development prior to operating on patients, meaning 
trainees enter surgery at a stage where their clinical skills are more 
advanced.11 Simulation leads to skill development in line with educational 
theory and has the potential to meet the demands of surgical training in the 
modern medical climate.  
 
Simulators also offer advantages for training beyond the ethical implications of 
using real patients. Simulators can be portable, reusable and allow training 
procedures to be individualised for the learner, scheduled at a convenient 
time and repeated to maximise learning.11, 47 The training “agenda” can be 
determined by the trainee and not the patient.12 Simulation models do not feel 
pain or demonstrate distracting emotions to the learner.48 Simulation also 
permits consistent practice for trainees in areas that might be infrequently 
encountered in training such as critical emergencies, the treatment of rare 
conditions, or the performance of rarely seen procedures.57  
 
Operating theatre time constraints and costs mean it is often inappropriate for 
supervisors to slow or stop a procedure to correct a trainee’s technique.14 The 
learning curve of training, when errors, complications and inefficiencies 
compound the costs of operating, may be better attempted in a simulated 
environment.2 It is difficult in a real procedure to have objective feedback on 
performance, yet simulators can be used to provide such feedback.14  
 
It must be acknowledged also that there are some disadvantages to 
simulation training. Simulation is unlikely to ever fulfill all the learning 
opportunities that a real patient interaction can provide, such as developing 
genuine engagement and empathy, facing communication challenges, 
observing true physiology and pathophysiology and learning intricate 
procedures with the complexities of human anatomy and pathology. 
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Simulation using sophisticated technology can be expensive, and like all 
aspects of training and healthcare, the cost should be justified.58 Simulation 
often needs trained professionals to expertly delivery the education, provide 
constructive feedback and debriefing.11 Simulation training risks must be 
acknowledged including the possibilities of reinforcing errors or participants 
experiencing harm from a traumatic experience.49 Participants may acquire 
incorrect behaviours from the simulation or develop undue confidence.59 
Despite these drawbacks, the arguments in support of simulation are strong 
enough for some governing centers to require simulation certification prior to 
performing certain procedures.41, 60 No single teaching technique can be 
perfectly applied to any scenario, though the apparent benefits of simulation 
provide a strong rationale for its use in surgical training and justifies the efforts 
of research to demonstrate its effectiveness. There is an evolving body of 
research to show how simulation can be used for surgical skills training, but 
the evidence is limited in demonstrating the extent to which it benefits trainee 
surgeons and health services.  
 
1.4. The evidence simulation training improves performance 
From reviewing theories of how procedural skills are learned, a clear role is 
seen for simulation. The introduction of simulators into the surgical training 
field generated a rapid growth of publications in surgical simulation; a PubMed 
search of “surg* AND (simulation OR simulate)” reveals 464 results for 
publications in the 1980s, 2151 results for publications in the 1990s, 7615 
results in the 2000s and over 12000 since the year 2010.  
Much of the research demonstrates simulation training correlates with 
improved participant satisfaction with training or improved performance in the 
rehearsed task.61, 62 Demonstrating that training on a simulator improves 
performance on a simulator is an inadequate demonstration of the value of 
simulation training for surgery; possibly only representing the human 
response to familiarity and practice.61, 63 There is less evidence that simulation 
training has demonstrable benefits to performance in work tasks, or that 
training leads to improved clinical care.42, 64, 65 For simulators to be considered 
effective in assisting skills training in a particular surgery, demonstrating a 
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translation to improved procedural performance or objective patient outcomes 
would be optimal. Unfortunately this can be difficult to achieve in simulation 
research due to small sample sizes at single institutions, ethical 
considerations of randomizing some participants to not receive simulation 
training, a lack of real surgical opportunities for trainees, difficulty in selecting 
appropriate outcomes measures and a lack of standardization of operation 
difficulty.11, 64   
Evidence for simulation translation to improved performance in surgery 
Whilst evidence exists in surgery (namely laparoscopic procedures) that 
simulation training improves task performance, only occasional studies 
demonstrate a translation to operating theatre performance. An early study in 
2000 by Scott et al showed surgical trainees improved their performance at a 
laparoscopic cholecystectomy more after virtual reality simulator training than 
a control group.66 Studies by Seymour et al (2002), Grantcharov et al (2004), 
Ahlberg et al (2007) revealed similar results.67-69 Other lower-fidelity forms of 
simulation (e.g. box trainers) have also shown to improve laparoscopic 
skills.70, 71  
 
Beyond laparoscopy, simulation training has been shown to improve 
performance and shorten the learning curve (allow more rapid progression 
towards advanced skill) in colonoscopy, and reduce patient discomfort in 
endoscopy.72-74 Similar improvements in trainee performance in bronchoscopy 
have been demonstrated subsequent to virtual reality simulation training.75 
Most outcomes measured in these studies were operative time and objective 
performance assessment by a supervisor. It is less clear, apart from patient 
comfort, if patient outcomes are improved by simulation training in these 
areas. Further research is required to investigate if simulation training 
translates to improved patient outcomes, particularly in non-laparoscopic 
procedures.  
Limitations to the evidence for simulation in surgery 
As outlined, much of the work in simulation training has been focused on 
minimally invasive surgery (such as laparoscopy) and few studies exist to 
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show improved performance in a broader range of procedures. A 2014 review 
found only seven studies that investigated skills transfer after simulation 
training in non-laparoscopic or endoscopic surgeries.76 Other procedures with 
evidence for simulation training include episiotomy repair77, endovascular 
procedures78, 79, cataract surgery80, knee arthroscopy81, thoracentesis82 and 
wound closure83. Given the number of surgical procedures across the broad 
range of surgical specialties, it is important to consider wider applications of 
simulation training in surgery. As minimally invasive approaches become 
more common, trainee exposure to open procedures is limited and may 
necessitate the expansion of surgical simulation training. It is plausible that 
the benefits seen in minimally invasive surgery could be replicated in studies 
of a wider range of surgeries.  
 
There are a number of other limitations to the evidence in simulation training. 
Most studies include small number of participants, owing to the small number 
of trainees that are likely to exist at any single institution and the difficulty of 
performing multi-center studies across hospitals with different training 
resources and priorities. Few randomised controlled trials exist in this area, 
potentially a consequence of small participant numbers or due to ethical 
considerations of withholding an additional form of training to one group of 
participants.61 Most studies compare simulation training to “no training” or 
“traditional training”.76 It would be difficult in simulation training trials to 
standardise the training of the control group, given the variety of learning 
experiences and opportunities for surgery that each trainee is exposed to in 
their work. Furthermore, reviews are restricted in their ability to make 
comparisons between studies due to the broad range of outcome measures 
used.61, 63, 76 Operating time is a common outcome measure, easy to obtain, 
and presumed to be a measure of improved operative performance, but it 
relies on an assumption that “quicker is better” and is a consequence of 
increased economy of movement, familiarity with anatomy and instruments or 
less errors.61 But these are merely assumptions and operating time alone is at 
best a surrogate measure of performance.76 These are all inherent difficulties 
in studying simulation for surgical training and are acknowledged as 
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limitations. Despite these challenges, continuing research is required to 
support the addition of simulation training to traditional surgical training, 
particularly in areas where there is an increased demand for adjuncts to 
traditional training or limited existing research in specialty-specific procedures.  
 
1.5. Simulation in gynaecology  
Surgical training in gynaecology 
Gynaecology requires specialists to have a range of skills across numerous 
surgical procedures.2 In gynaecology, the same restrictions to training are 
encountered as in other surgical disciplines, such as work hour constraints 
and a large numbers of trainees, that together limit the access to surgical 
experience.10 Given the range of complex skills required for proficiency in the 
variety of gynaecology operations, significant support for surgical training may 
be required.  
 
Evidence suggests the need to improve surgical training in gynaecology. One 
study reviewed caesarean section operative times over an 8-year period 
following the introduction of work hour restrictions and revealed a nearly 20 
minute increase in the duration of the procedures.84 In 2009, Australian and 
New Zealand gynaecology trainees reported they were primary operator only 
75% of the time in their final year of training, highlighting the reduced 
opportunities for practice, even just prior to becoming an independent 
specialist.10 A 2015 survey of Obstetrics and Gynaecology (O&G) fellowship 
program directors in the United States revealed that the perceived ability of 
first year fellows (following residency training) to operate independently was 
“overwhelmingly negative”, with less than half the trainees being seen as able 
to perform a hysterectomy or basic hysteroscopic procedure without 
assistance.8 A 2015 study from the Netherlands found that only 65% of newly 
graduated specialists in gynaecology were satisfied with their current 
laparoscopic skills and the average rated competence to perform advanced 
laparoscopic procedures was at a level meaning they were unable to operate 
without supervision.9 The highest rated “solution” for the perceived problems 
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with gynaecology surgery training in laparoscopy was mandatory simulation 
training.9 Gynaecology (O&G specialist) training is also the longest specialty 
training pathway of any college in Australia, taking six years to complete.85 
This suggests that additional training techniques, rather than additional 
training time, are required.  
Current evidence for the use of simulation in gynaecology 
Studies to date in gynaecology examining transfer of skills to clinical practice 
have used virtual reality and box training for laparoscopic skills.49 One of the 
notable studies, by Larsen et al (2009), demonstrated that a virtual reality 
simulation trained group of gynaecology trainees had higher performance 
scores and half the operating time in a real salpingectomy operation than the 
standard training group.86 This supported the work of Banks et al (2007), who 
showed simulator training improved the assessed performance scores of 
junior trainees in a tubal ligation compared to controls.87 More recently in 
2014, Akdemir et al demonstrated that both virtual reality and box trainer 
simulation training lead to higher performance scores and faster operating 
times in laparoscopic bilateral tubal ligation than those receiving neither form 
of simulation training.88 Like studies in other surgical specialties, the small 
number of participants in these trials, along with the use of subjective 
performance assessments, the use of operating time as an assumed indicator 
of performance, the differing procedures investigated and a lack of defined 
training or controlled surgical exposure in comparison groups limits the 
reliability and generalisability of the findings.  
 
Beyond laparoscopy in gynaecology, simulators have been used in 
endoscopic procedures such as hysteroscopy, but without evidence that 
simulation training translates to improved clinical performance.2, 89-91 
Episiotomy repair simulators have been shown to improve junior doctor 
suturing performance.49, 77 Papaya fruit have been used to improve the 
confidence of trainees in uterine aspiration procedures.92 Simulation models 
have been used to train vaginal hysterectomy, with subsequent improvement 
in written test scores (a finding that could not necessarily be assumed to lead 
to improved procedural performance).93 A number of simulators have been 
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developed for training cervical biopsy and excisional procedures such as 
LLETZ (large loop excision of the transformation zone), with no evidence that 
their use translates to operating outcomes.94-99 There is a vast gap in 
simulation research where, beyond laparoscopy, there is a paucity of 
evidence to support the implementation of this method for training 
gynaecology surgeries.  
 
The evidence for simulation training is varied, with clear gaps identified. 
Considering the established barriers in gynaecology surgical training, the 
number of procedures requiring proficiency and the acknowledgment that 
training in many areas seems suboptimal, urgent attention should be paid to 
the possible role of expanding the use of simulation. For this to be supported, 
there is a pressing need for evidence that simulation training will indeed be an 
acceptable and effective method procedural training in gynaecology. 
Summary  
There is evidence in gynaecology that advanced trainees and recent fellows 
are lacking in the necessary skills and confidence to adequately complete the 
surgical procedures required in the discipline. The training program is the 
longest of any specialty and additional training methods, rather than additional 
training time, are worthy of exploration. Simulation provides a means of 
training that is consistent with educational theories and there is evidence that 
this training improves skills. However, there is little evidence for the use of 
simulation in a number of surgeries, particularly in gynaecology. Furthermore, 
there may be significant challenges to successfully integrating simulation into 
an existing surgical curriculum. In studying successful simulation methods, the 
accessibility of simulation to a variety of training settings must be considered.   
1.6. Low-fidelity simulation 
There many variations of simulation training, as previously described, but in 
planning procedural training, the degree of fidelity is a crucial consideration.  
Fidelity refers to the extent to which the simulation recreates the procedure in 
a realistic manner.47 Task trainers not requiring of external control are 
considered to be low-fidelity.56 There may be a perception that high-fidelity 
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simulation (using more complex simulators56) leads to greater skill 
acquisition.100 High-fidelity simulators such as virtual reality simulators have 
the benefits of providing representations of real anatomy and procedures, as 
well as incorporating objective feedback measures of performance within their 
programming. However, high-fidelity simulators are not as portable as most 
low-fidelity trainers and their haptic feedback can lack the authenticity of real-
touch gained from low-fidelity models.101 A major drawback of high-fidelity 
models is their cost, which can be difficult for surgical departments to 
justify.102 Cheaper alternatives, such as low-fidelity models, may allow use by 
a wider range of training facilities and reach a greater number of trainees.101, 
103 If low-cost, low-fidelity models are as effective, or more effective, than 
more expensive high-fidelity alternatives, the implementation of low-fidelity 
models would be easier to justify in the healthcare industry where cost 
considerations are paramount.  
 
The research performed comparing high- and low-fidelity simulation models, 
appears to provide support for the use of low-fidelity models. Studies in non-
laparoscopic surgical procedures (burr hole insertion, chest tube insertion, 
small bowel anastomosis, abdominal wound closure, flexor tendon repair, and 
K-wire fixation of a fractured metacarpal),104 ureteroscopy105, microsurgery106 
and intubation107 support the use of low-fidelity simulation.103 In a 2012 review 
by Norman et al, which included some of these studies, the authors identified 
seven studies of procedures comparing high- and low-fidelity simulators, with 
only one study finding significant difference in any performance outcome.103, 
108 In a review of eight publications comparing high- (virtual reality) and low-
fidelity (box training) laparoscopy training it was found that most comparisons 
revealed no difference in outcomes.2 A 2013 Cochrane review of virtual reality 
training found only two trials comparing virtual reality to box training, with one 
study (n=19) deemed of low quality showing significantly better operating 
performance following virtual reality compared to box training.101, 109 Since this 
review, Akdemir et al (2014) demonstrated that virtual reality (high-fidelity) or 
box trainer (low-fidelity) trained groups performed better than controls in a 
laparoscopic tubal ligation operation, but there was no difference found in the 
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assessed performance between the high- and low-fidelity groups.88 A 2013 
review of laparoscopic training also demonstrated similar efficacy for virtual 
reality and box trainer simulators, but found the box trainers were preferred by 
users.110 There is a developing body of research to support the use of low-
fidelity simulators in both laparoscopic and non-laparoscopic surgery.  
 
Low-fidelity simulation models have already formed the basis of successful 
surgical curriculums. In the United States, the Fundamentals of Laparoscopic 
Surgery (FLS) program was developed by the Society of American 
Gastrointestinal and Endoscopic Surgeons and utilises a box trainer with 
basic tasks. It has been widely studied, validated, endorsed by the American 
College of Surgeons and subsequently adopted by the American Board of 
Surgeons as a mandatory component of surgical training.111-114 
 
The level of fidelity may influence the way people learn using simulations.42, 
115 However, the contributors to simulation fidelity may not always be clear. 
One study found that medical students trained on a simulated limb performed 
better in phlebotomy than those trained on a virtual reality system.116 The 
authors noted that time spent learning the operating system of the virtual 
reality model, rather than practicing the phlebotomy skills, may have 
influenced the results.116 It is interesting to note though that the virtual reality 
system required the trainee to use a computer mouse to select the site of 
venepuncture, operate the tourniquet and select blood tubes, whilst using a 
touch pad for skin retraction and needle insertion. It is possible that the virtual 
reality system may not actually be of higher fidelity (despite assumptions 
made of virtual reality systems) if it does not satisfactorily replicate the real 
phlebotomy process.100 Unfortunately there is little information to guide the 
design of simulators and research is required to support a chosen level of 
fidelity to train a given task.100   Further research regarding simulator selection 
with respect to fidelity may be informative for simulator design.  
 
There are rational arguments for using low-fidelity simulators, from both an 
economic perspective and considering the education theory underlying 
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procedural training suggesting trainees may actually benefit from reduced 
cognitive load.39, 41 Low-fidelity simulator training has been demonstrated to 
enable skill development, be of similar efficacy to high-fidelity comparisons 
and has been the basis for successful surgical training programs. Therefore, 
low-fidelity simulation has been chosen for this research into acceptable, 
effective methods of simulation training for gynaecology. Unfortunately, there 
is a lack of research demonstrating effective use of low-fidelity simulation in 
gynaecology training. It is not known whether such methods would be 
acceptable to trainees. To be successful, and acceptable for use, simulation 
needs to be integrated with current surgical training.117   
1.7. Implementation of simulation into surgical training 
Previously established are the potential benefits of simulation training, the 
relationship of simulation to concepts of skill acquisition and the supporting 
evidence for the use of simulation for improving procedural performance in 
surgical training. Despite this knowledge, and the research performed to date, 
simulation training is not broadly implemented.64, 118-120 Advances in 
simulation technology have not been met with corresponding developments in 
surgical curricula or implementation strategies.12, 64, 121 Acknowledgment of 
this deficit has prompted a shift from research into whether simulation works 
to how best to implement it.122  
 
There may be a number of reasons why simulation training has not yet been 
widely adopted in surgical training. Proposed contributing factors are the 
inherent budget constraints of hospitals and training providers, the medical 
profession’s evidence-based philosophy demanding rigorous testing, limits to 
the realism of simulators in recreating complex procedures and physiology, 
and resistance to change from a pervasive medical culture of traditional 
surgical teaching.11, 123 Issues may exist in the availability of equipment and 
faculty staff to teach procedural skills using simulation.64, 119 Limited time and 
work-hour restrictions reduce opportunities for simulation training “in rostered 
hours”.119 Additionally, the priorities of those performing the research and 
design of simulators are not necessarily the same as those of the clinicians 
who would use them.12  
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Enablers of simulation include protected time, the availability of skills lab 
personnel, faculty participation and support.119, 124 In a study of successful 
programs, widely adopted modules were “low cost/low maintenance”, 
requiring limited materials and personnel.119 It may be that a balance between 
faculty support and minimal reliance on facilities aids the uptake of simulation 
training. The restriction on trainee access to clinical opportunities due to work-
hour restrictions results in a competition between time spent on patient care 
and that spent on simulation and education.64, 119 Self-directed training could 
provide a solution to the lack of “in rostered hours” training, or a reliance on 
instructors, but access to equipment, motivation and a demand for research to 
support this approach may still influence acceptance.64  
 
Attitudes towards simulation are likely to play an important role in the 
motivation to participate in simulation training.124 A lack of perceived need for 
simulation is a barrier to implementation.119 An opinion that the “door had 
been opened” to more opportunities to perform real surgery was more 
common amongst participants who completed simulation training.125 One 
study revealed that almost all respondents felt simulation training lead to skill 
improvements that would transfer to the operating theatre, yet just over half 
felt that proficiency in a simulated task should be achieved prior to performing 
the operation on a live patient.126 Some authors have suggested making 
simulation training mandatory to supersede self-directed motivation.4, 117, 127, 
128 Alternatively, motivation to partake in simulation training may be improved 
if the training was integrated within existing curricula, rather than being seen 
as an additional onerous task.  
 
It is important to explore the barriers and motivators to the uptake of 
simulation due to the discrepancy between the identified benefits of simulation 
technology and broad acceptance. Factors such as availability of simulation 
training time, supportive staff, facilities, associated costs, curriculum design, 
negative attitudes towards simulation training and gaps in supporting research 
have been identified from the literature as potential influencers of the uptake 
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of simulation.22 In identifying and accepting these issues, we may be best 
able to formulate successful strategies to foster the uptake of simulation 
training.64 Certain features may be department, hospital or region specific, or 
could exist more strongly within particular specialty groups. Unfortunately, 
factors limiting the implementation of simulation have not been sufficiently 
investigated in the literature.120 Indeed, within gynaecology little is known 
about the attitudes towards simulation training in Australia. Further research 
into these influences, and possible strategies to address them, would be 
beneficial and justifies the exploration of acceptable and effective methods of 
implementing low-fidelity simulation within gynaecology surgical curricula.  
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2. RESEARCH DESIGN AND METHODOLOGY 
2.1. Aims of the thesis 
It is apparent that there is an evolving body of research to support the 
application of simulation to surgical training. Simulation promotes deliberate 
practice and enables the learning of complex tasks. There is evidence to 
show that simulation can improve procedural skills and these skills can 
translate to the operating room. There are acknowledged deficiencies in the 
literature in evidence for simulation for a wide variety of surgeries as well as 
the translation of surgical training into improved patient outcomes. However, 
one of the most serious deficits is the apparent lack of supporting research to 
guide the implementation of simulation at a practical level.22 The integration of 
simulation has been suggested in 2012 and 2016 reviews of simulation 
evidence as one of the key priorities for ongoing research.65, 129 Given the lack 
of simulation literature in gynaecological procedures and programs in 
Australia, it is suspected that the practical uptake and implementation of 
simulation is poor. Yet, to what extent is not known.  
 
These are the crucial gaps in the research. It is unclear if simulation is being 
used in gynaecology training in Australia and if it is not being used, why? 
What are the barriers to implementing simulation training in this context and 
how can it be integrated? Is simulation useful when being integrated outside 
of the “laboratory” setting and in procedures beyond laparoscopy? We must 
address these questions in order to understand if simulation can be both 
acceptable and effective for gynaecology training.  
 
This thesis will therefore explore integration of simulation in a practical 
context, focusing on low-fidelity simulation for gynaecology training. Low-
fidelity simulation is chosen due to the previously outlined cost and access 
benefits. Gynaecology is the target specialty due to the deficiencies of the 
current training suggested by research demonstrating concerns with graduate 
capabilities. A successful simulation program would have to be both effective 
in training as well as acceptable to users in order to be considered 
appropriate for inclusion in surgical curricula. The aim of this thesis is 
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therefore to evaluate if low-fidelity simulation can be effectively and 
acceptably integrated into gynaecology surgical training curricula.  
2.2. Hypotheses 
Two hypotheses were generated to address the aim of the thesis and 
evaluate the effectiveness and acceptability of low-fidelity simulation in 
surgical curricula in gynaecology. The hypotheses are: 
1. Low-fidelity simulation leads to demonstrable improvements in 
surgical performance for gynaecology trainees 
2. Low-fidelity simulation is acceptable to trainees in gynaecology as 
part of surgical curricula 
 
Research questions generated from these hypotheses are: 
1. Is low-fidelity simulation currently accepted as part of surgical training 
in gynaecology in Australia? 
2. Is low-fidelity simulation effective in training both laparoscopic and non-
laparoscopic procedures in gynaecology? 
3. Is low-fidelity simulation, when implemented in both laparoscopic and 
non-laparoscopic procedures, acceptable to gynaecology trainees? 
 
These hypotheses and research questions led to the development of research 
objectives, which form both the individual research studies and chapters of 
this thesis. These objectives are: 
1) To determine the current uptake and attitudes towards simulation in 
gynaecology in Australia 
2) To test a low-fidelity simulator for a non-laparoscopic procedure for 
efficacy and acceptability for training 
3) To evaluate the efficacy and acceptability of a simulation curriculum using 
a low-fidelity simulator for a non-laparoscopic procedure 
4) To assess the implementation of a low-fidelity simulation curriculum using 
laparoscopic simulators for efficacy in training laparoscopic skills 
5) To evaluate the acceptability of the laparoscopic simulation curriculum  
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2.3. Thesis structure overview 
Following the objectives outlined, this thesis will firstly explore the current 
uptake of simulation in gynaecology in Australia, as it is not currently known. 
This is an essential starting point; the understanding of the current use of 
simulation is necessary to assess the degree to which simulation is currently 
being used and considered acceptable for training. This assessment may 
identify any pre-existing barriers to implementation.  
 
The integration of low-fidelity simulation will then be evaluated in two ways: 
firstly using a model for a non-laparoscopic procedure (Chapter 3 and 4) and 
secondly using a laparoscopic training model (Chapter 5 and 6). Efficacy is 
tested and considered to be an essential component of acceptability of 
surgical curricula. The efficacy, and ultimately, the acceptability of low-fidelity 
simulation in these contexts will be examined using both quantitative and 
qualitative methodologies.  
 
2.4. Research design 
To test the hypotheses of this research, that low-fidelity research leads to 
improved surgical performance and is acceptable for gynaecology trainees, 
complementary studies were employed using mixed methodologies. To 
understand human experience (and thus the experience of gynaecology 
trainees with simulation training) we need to understand the social and 
cultural context related to the behaviour.130 Assumptions about how 
knowledge is acquired underpins the framework of inquiry.131 This research 
seeks to not only understand the impacts of training on skill acquisition, but 
also the external and internal influences on behaviour.12 The influences on 
behaviour may impact both the effectiveness of simulation training as well as 
how acceptable the method is to trainees. The approach necessitated gaining 
more information about the social and cultural context of training, through the 
gathering of information from multiple sources.  
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Firstly, it was necessary to understand the existing (prior to the beginning of 
this research) use of simulation by trainees in gynaecology and the attitudes 
towards simulation in the Australian gynaecology setting. Following this initial 
inquiry, it appeared there were barriers related to structural training supports, 
such as equipment, time, supervision and curricula. Studies were 
subsequently directed towards investigating the acceptability and efficacy of 
low-fidelity simulation through testing methods of overcoming these barriers.  
 
Surgery selection 
Empirical studies were designed to test both laparoscopic and non-
laparoscopic simulation training within this context. The literature review 
revealed that there is a deficiency of evidence for simulation beyond 
laparoscopic procedures in gynaecology. This highlighted a need to test the 
acceptability and efficacy of low-fidelity simulation beyond the typical context. 
This purpose of this was to examine a wider application of low-fidelity 
simulation and increase the relevance of the findings to the broader scope of 
gynaecology training.  
 
Laparoscopic simulation was also explored, but in the context of portable 
simulators. Whilst there is growing evidence for the use of simulation in 
training laparoscopic gynaecology procedures, the noted poor level of 
implementation prompted the need to study a more flexible method of 
implementation through the use of portable trainers. Portable simulators 
allowed an exploration of simulation training independent to institution-specific 
scheduling and curricula. Removing the simulation training from the 
institutional timetable was intended to improve the generalisability of the 
findings to other training institutions and contexts. This method was designed 
to understand how simulation training might be effective and acceptable in a 
practical sense in training curricula. 
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2.5. Participants 
The participants in this research were primarily gynaecology trainees. An 
exception was the initial survey, which included fellows of the Royal Australian 
and New Zealand College of Obstetricians and Gynaecologists (RANZCOG) 
in order to provide additional views relevant to the trainee’s environment by 
understanding the attitudes towards simulation from those ultimately 
responsible for their training.  
 
Gynaecology trainees were chosen due to the evidence suggesting 
deficiencies in trainee and recent graduate surgical performance and 
confidence (section 1.4). A single centre was chosen in order to provide 
consistency for the implementation of the simulation curricula. The centre 
chosen was a large tertiary hospital as it employed a large number of trainees 
across the spectrum of gynaecology training (from unaccredited trainees to 
those progressing through all of the six-years of the RANZCOG training 
program). Medical students are often the subject of simulation studies, due to 
their larger number and possibly increased willingness or time to participate in 
research.132 However, they were unsuitable for this research as they are 
surgically inexperienced, meaning baseline surgical skills and performance 
improvements would likely differ from practicing clinicians. Furthermore, there 
may be different internal and external influences of behaviour between 
medical students and clinicians. The context that promotes simulation-based 
learning in medical students could not be generalised to clinicians.  
 
Clinicians are the ideal cohort, as they are the target of surgical training. 
However, there are numerous difficulties with studying clinicians.133 These 
include inflexible schedules and limited time, a lack of blinding for objective 
observation (as the trainees are usually known to their supervisors in a 
regular institution) and the small number of participants (who often remain at 
individual centres for short periods of time).133 Therefore, whilst clinicians are 
used in this research, the limitations are acknowledged. Study designs need 
to take into account the insufficient numbers for randomised controlled trials. 
Increasing participants to allow ideal study design in the future will require the 
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cooperation of training directors133 and the research described in this thesis 
may provide support for such work to be done.  
 
The participant numbers in the target cohort were considered appropriate for 
the chosen study designs. This is particularly relevant for usability studies 
such as those regarding the acceptability of low-fidelity simulation; both 
interview and survey based. Evidence suggests even very small numbers 
yield nearly all the information of larger cohorts134 135, 136 There are 
diminishing returns for evaluating larger numbers of participants.134-137 Most 
usability issues are identified within the first four or five participants and these 
are usually the most severe problems, with further subjects being less likely to 
produce novel findings.136 From the perspective of interviewing participants, 
thematic coding saturation tends to occur in a small number of interviews.138 
The benefits of the clinician cohort targeted, due to the relevance of their 
clinical role to the research questions, outweighed the disadvantage of the 
limited sample size.  
 
2.6. Mixed methodologies 
Mixed methodologies have been defined by Tashakorri and Cresswell as 
“research in which the investigator collects and analyses data, integrates the 
findings, and draws inferences using both qualitative and quantitative 
approaches or methods in a single study or a program of inquiry.”139 A mixed 
methods approach recognises that a single method or data source may be 
insufficient to answer the research question.140 The results of quantitative and 
qualitative analysis may be complementary or contradictory, providing further 
support for the findings or challenging a potentially false conclusion.140 
 
Including multiple sources when collecting data can improve the validity of the 
findings through triangulation.141 To understand appropriate sources of data 
collection the nature of reality (ontology) and the nature of knowledge 
(epistemology) must be considered.142 The underlying paradigms considered 
in relation to these questions include the positivist and constructivist 
approaches.143  
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Positivism assumes that reality is singular; a fixed objective knowledge that is 
measurable.143 Post-positivism proposes that objectivity is not fully accessible 
and that experience, especially educational and training experience, is 
socially and culturally constructed.142 Post-positivism considers multiple 
methods of inquiry to falsify hypotheses, including quantitative and qualitative 
data.142, 143 Quantitative data provide information on observable and 
measurable variables.143 Qualitative methodologies seek to understand the 
“how” and “why” of human experience and investigate a phenomena or 
behaviour within a context.130, 144 The post-positivist approach is therefore 
taken to use mixed methodologies to survey simulation use, to answer 
research questions about the current use of simulation and existing attitudes 
to use. This approach is also employed to address questions of simulator 
validity and evaluate surgical performance.  
 
As paradigms direct the methodological techniques for a particular 
phenomenon under investigation, different paradigms may be adopted to 
answer different types of research questions.143 The constructivist approach 
to research seeks to provide a deeper understanding of individual 
experience.143 Constructivism deems that realities are subjective, and socially 
and experientially based, and that meaning is constructed from the 
researcher-participant interaction, such as through the use of interview.131, 142 
In parts of this research it was necessary to enquire more deeply about the 
individual trainee’s experience with simulation, meaning a constructivist 
stance (and corresponding suitable methodologies) was fitting.  
 
In this research different approaches are used to answer different research 
questions. The post-positivist approach was taken to use mixed 
methodologies to survey simulation use, as well as addressing questions of 
simulator validity and surgical performance. The research assumed a post-
positivist approach to answering the questions of simulation efficacy, 
considering that there is a measurable reality that is not able to be assessed 
entirely objectively.131 However, when a deeper understanding of individual 
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trainee experience was required, a constructivist approach was adopted. It is  
acknowledged that multiple realities likely existed and that knowledge would 
be socially constructed through interaction of the researcher and 
participant.143 Following this approach, the perspective of each individual was 
explored through interview.143 
2.6.1. Survey of simulation use and attitudes 
Assuming a post-positivist approach, the use of a survey allows the 
simultaneous gathering of quantitative and qualitative data from large groups 
of individuals.131, 143 A survey was chosen as a research instrument to 
understand simulation use and attitudes in order to gather a cross-sectional 
representation of as many of the key stakeholders as possible at the 
beginning of the study period. Focus groups or interviews were not practical 
given the size of the population targeted. Therefore an in-depth exploration of 
individual experience through interview was not practical. Also, experts in the 
field, who would normally be the target of such interviews, were anticipated to 
have special interests in training and their attitudes may not be reflective of 
the greater population of trainees and fellows across hospital types and 
regions.  
 
2.6.2. Validation of simulators 
Validity has been defined as the appropriateness of a test for a particular 
purpose, requiring the appropriate interpretation of test results.145 A validation 
study collects evidence to support the interpretations of assessment 
results.146 A classical framework for validity examined types of validity (such 
as face, content, criterion and construct), but this approach has been 
surpassed by a unified model of multiple sources of evidence (content, 
response process, internal structure, relations with other variables, and 
consequences).147-149 In this contemporary approach the construct is the only 
form of validity, examined through a multiple sources assessment.146, 149 
Determining validity therefore is a process requiring multiple evaluations.146, 
149 
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These concepts of validation can extend to the simulators themselves, to 
evaluate their value for training.150 Tavakol et al define validation in relation to 
simulators as “the process of assessing that the conclusions reached from a 
simulation are similar to those reached in the real world”.151 Simulation 
research contains copious demonstrations that simulator training correlates 
with improved participant satisfaction with training or improved performance in 
the rehearsed task.61, 62 Demonstrating that training on a simulator improves 
performance on that simulator is an inadequate demonstration of the value or 
validity of simulation training for surgery; possibly only representing the 
human response to familiarity and practice.61, 63 The purpose of validity 
assessment in this research was to demonstrate that the simulator is capable 
of allowing performance at a level expected in real surgery. As established, in 
an approach to validity assessment, multiple sources of evidence should be 
obtained. Therefore this research followed the multiple sources approach to 
assess the content of the simulator, the relationship between practitioner 
experience and simulator performance and ultimately the evaluation of trainee 
performance in real surgery following simulator use in a curriculum. 
 
For the laparoscopic simulator selected for this research, a range of similar 
assessments had been previously performed to demonstrate evidence of 
simulator validity.152 It was not considered necessary to repeat this research, 
particularly when considering established (section 1.6) literature to support the 
use of similar low-fidelity box trainers for surgical training.70, 71 
 
2.6.3. Evaluating surgical performance 
Surgical performance is evaluated in this research in order to assess the 
efficacy of simulation training. Traditionally, surgical performance has been 
evaluated through supervised operating room performance.153 This method is 
susceptible to subjectivity and may not be feasible in a hospital 
environment.133, 153, 154 A more structured approach to direct observation of 
performance is provided through the use of checklists and global rating scales 
(GRS).154-158 Checklists use assigned scores for crucial steps of a procedure 
and have been demonstrated to have high inter-rater reliability.133 GRS are 
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used to rate general surgical skills that may not be procedure specific.133 GRS 
have been studied and demonstrate high reliability and construct validity.133, 
158 Checklists and GRS are often used in combination, in a form similar to that 
of Objective Structured Assessment of Technical Skills, which were originally 
developed for bench models, but use has expanded to clinical practice.133, 155 
A combination of checklist and GRS was chosen to evaluate performance in 
the LLETZ simulator in this research, as assessment of “procedure” 
performance was feasible due to the short duration of the procedure and 
accepted sequence of steps. However, the use of blinded raters is difficult for 
some procedures and other objective markers of performance may be 
used.133  
 
Operating time is a common outcome measure, easy to obtain, and presumed 
to be a measure of improved operative performance, but it relies on the 
assumptions that “quicker is better” and that the time reduction is due to 
increased economy of movement, familiarity with anatomy and instruments or 
fewer errors.61 Reductions in time may occur with poor technique, respect for 
tissue or not completing critical steps.61 Operating time alone is not 
necessarily an accurate measure of performance.29, 76, 159 Therefore in this 
research, time is not used as marker of surgical performance in isolation, but 
is examined in conjunction with other performance assessments.   
 
Virtual reality (VR) tasks were included as outcome measures as testing on 
the box trainer alone may measure only familiarity with equipment.160 Testing 
using VR simulation has been proposed as a more reliable method for 
assessing laparoscopic skill development.160 The range of VR simulators 
available have been evaluated in multiple studies and were found to 
distinguish performance.133 Scores such as time, in conjunction with motion 
analysis or error ratings show construct validity.133  
 
Performance time on a box trainer task was included in the performance 
outcome assessment in laparoscopic studies, in order to include multiple-
source evaluations. Box trainer performance has been extensively studied, in 
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particular for the use in the FLS (see section 1.6).113, 114, 161, 162 The eoSim 
trainer is used in this research and has been tested for comparison to the FLS 
trainer.152 The thread transfer task chosen to use in this research has been 
compared to the peg transfer task in FLS and has been shown to have similar 
construct validity and exhibit concurrent validity (participant performance 
between the two simulators).152 
2.6.4. Evaluating real-procedural outcomes 
Evaluation of procedural outcomes in relation to simulation training provides a 
high level of evidence for the value of simulation training and has been 
infrequently demonstrated in simulation research (see section 1.4).47, 62, 163 
Kirkpatrick’s levels of educational evaluation refer to this higher level evidence 
as “Level 4”; the impact of simulation training on patient outcomes.164 A 
translational view of simulation research defines a three-level hierarchy of 
results demonstrated in laboratory setting (T1), transfer to improved patient-
care practice (T2) and improved patient / public health (T3).165 There are 
many challenges to demonstrating higher level of evidence (T3 or Kirkpatrick 
4 outcomes) in simulation research47, 62, 110, 163 Difficulties include limited 
participants or staff, other training demands, competing workload, lack of time, 
cost, identifying targeted clinical-needs-based educational interventions, 
capturing relevant clinical data and difficulty in isolating the effects of 
simulation from coinciding education.47, 62 These difficulties impact the quality 
of study design, the capacity to generalise findings or risk over interpretation 
of the findings.166 However, even without adhering to traditional 
methodologies, studies with less obvious educational intervention remain 
important as they can contribute to improvements in patient care and safety.62 
 
Due to the limited high-level translational evidence for simulation training, this 
research includes, in parts, examination of outcomes on clinical practice. For 
example, after recognising a clinical need to improve trainee performance in 
LLETZ procedures, a number of patient-related objective outcome measures 
were included in the analysis of surgical performance.  
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2.6.5. Acceptability of simulation 
Acceptability of simulation is an essential requirement for simulation-based 
education to achieve intended results.62 The acceptability of simulation may 
be influenced by a variety of social and cultural factors. Traditional 
experimental research methods in the positivist paradigms may be inadequate 
for studying complex social change, as exists in medical education 
research.131, 167 Post-positivism, through a mixed methods approach, is 
followed to gather some evidence for simulator acceptability in both 
quantitative and qualitative forms. An example of this is through the use of 
simulator evaluation surveys. Surveys are used in this research, however the 
use of survey alone was predicted to limit the information yielded.  
 
The constructivist approach to research aims to provide a deeper 
understanding, such as understanding trainee experience with simulation. 
Constructivism, as previously described (section 2.6) deems that realities are 
subjective, and socially and experientially based, and that meaning is 
constructed from the researcher-participant interaction, such as through the 
use of interview.131, 142, 168 The constructivist paradigm was assumed when 
planning interviews in the final parts of this research. Interviews were 
performed in order to gain a deeper understanding of gynaecology trainee 
experience and acceptability of simulation, recognising the complex social 
and cultural interplay between trainees and training.  
 
Inquiry through the constructivist approach seeks to generate a pattern of 
meaning.168 Interviews therefore were only semi-structured and relied on 
open-ended questions. The intent of the constructivist approach through the 
method of interview is to collect information through interaction with the 
individual of interest, recognising the researcher’s own context in 
interpretation.168 The research intended to understand what, beyond the 
factors previously identified in the literature, were the attitudes and barriers 
preventing engagement with the simulation program.  
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3. THE STATUS OF SIMULATION IN GYNAECOLOGY TRAINING 
3.1. Introduction 
There is a need for improved surgical training in gynaecology, with both 
graduates and their supervisors reporting concerns regarding post-training 
confidence and skill.8-10 Additional methods of surgical teaching may be 
required to assist surgical skills development.169 Despite the previously 
outlined emerging evidence for simulation training little is known about how 
simulation training is being incorporated into gynaecology surgical training in 
Australia. 
 
International studies in surgery and anaesthesia have found financial and time 
constraints as commonly identified barriers to simulation training.119, 124, 126 
Clinician attitudes also appear to play a key role in the uptake of 
simulation.125-127 It may be that similar forces are influencing the uptake in 
Australia, but again this is unknown. It is inappropriate to assume the same 
training climates exist across specialties and countries. Research is required 
to understand the current attitudes towards simulation and issues that could 
influence the uptake of simulation, in order to plan evidence-based 
implementation strategies.  
 
No studies of simulation uptake or attitudes towards simulation in an 
Australian population have been performed. A study was therefore designed 
to address this gap and explore the status of simulation as a surgical training 
method. The study aim was to investigate the current acceptability of 
simulation training in gynaecology across Australia and to explore barriers, 
enablers and attitudes influencing the uptake of simulation. Establishing the 
current uptake and attitudes towards simulation is a crucial step in 
determining the acceptability of simulation training by providing important 
baseline measures and pertinent information for the design of future 
simulation programs. The entire population of trainees and fellows of O&G 
was targeted, due to the dual nature of the specialty, in order to capture all 
potential influences on gynaecology trainees.  
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3.2. Method 
Participants 
A survey was designed for distribution to all trainees and fellows (who 
supervise trainees) of RANZCOG. This population is large (over 2000), 
accessible by email, and includes the study population targeted in the later 
studies. The study was approved by institutional ethics committees (Appendix 
1). Participants who submitted blank surveys were excluded. For questions 
relating to beliefs and perceived barriers and enablers, blank responses were 
excluded from the sub-analysis. Fellows who did not supervise trainees were 
excluded, as it was felt that the utilisation and attitudes towards simulation 
was desired from participants who were involved in surgical training. 
Responses of those not involved in surgical training may have lead to false 
conclusions about the role of simulation in gynaecology training.  
Survey Design 
It was necessary to design a survey for the purpose of this study, as there 
were no existing validated surveys suitable. A review of the literature was 
performed to understand likely barriers and enablers to simulation. The 
information gained was combined with semi-structured interviews of a small 
sample of trainees and fellows to determine the included content. 
Demographic information (including age, gender, location of employment and 
current training level or specialist field) and questions regarding utilization of 
simulation were gathered using single- and multiple-response formats. The 
survey (Appendix 2) contained five-point Likert-type scales, due to the 
electronic format (associated with reduced interpolations170) and in line with 
previous similar studies internationally.119, 124, 126 Space was provided for free 
comments to capture unique responses not gathered in the design phase.  
Survey Distribution 
The survey was pilot tested before being distributed electronically 
(SurveyMonkey, Palo Alto, USA) with the assistance of RANZCOG who 
provided the link provided in an to members A follow up email was sent one 
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month later, following the standard procedure for survey distribution by 
RANZCOG.  
Data analysis 
Excel software was used for data analysis. The data gathered from the survey 
was analysed to compare participant responses by hospital type, trainee or 
fellow status and gender, in order to explore possible underlying influences of 
simulation uptake. Quantitative data were analysed by descriptive statistics 
and frequency distributions, in line with similar research in other contexts.119, 
126 Likert-item responses were grouped into “agree” and “strongly agree” as a 
single outcome for comparison, facilitating non-parametric proportion analysis 
of this ordinal data with the potential for skewed responses.171-173 Categorical 
data were compared using a Chi-squared test, or a Fisher’s Exact test where 
the frequency was less than five.174 P < 0.05 was considered significant.  
 
To review the information gathered from the survey in the comments, a 
thematic analysis was performed. Two researchers reviewed all free-text 
comments in order to establish if there were any common themes. Each 
researcher performed the analysis independently before comparing findings; 
differences were resolved by consensus. A thematic analysis was chosen to 
establish if there were any patterns in the free comments, with this 
methodology enabling a reliable qualitative approach to understanding the 
participants’ viewpoint.175  
 
3.3. Results 
The survey was distributed to 2573 fellows (n=1970) and trainees (n=603) of 
RANZCOG. Responses were collected from 624 participants (24.3%), 
including 158 trainees (26.2%) and 466 fellows (23.6%). Blank surveys were 
received from 10 trainees and 3 fellows who were subsequently excluded 
(Figure 1). The majority of fellows (269, 58%) were involved in supervising 
RANZCOG trainees and were included in the analysis.  
 
52 
 
 
Figure 1: Flow of survey distribution and analysis 
Demographic data 
Table 2 outlines the employment status and practice type of the participants. 
The majority of the fellows were generalist obstetricians and gynaecologists.  
Approximately half of fellows responding worked in tertiary hospitals. The 
majority of trainees were female (124, 83.8%) and worked in tertiary hospitals 
(107, 72.3%). Most (54.7%) worked in a hospital with more than ten trainees. 
 
Table 2: Employment status and hospital location of participants in 
survey 
 All 
respondents 
(n=417) 
n (%) 
Fellows 
(n=269) 
n (%) 
Trainees 
(n=148) 
n (%) 
Employment Status (fellows only) 
Full time public staff 
specialists 
 98 (36.4%)  
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Visiting medical specialists  74 (27.5%)  
Part time public staff 
specialists 
 51 (19.0%)  
Private specialist  26 (9.7%)  
Other‡   20 (7.4%)  
Practice type (fellows only) 
Generalist O&G  217 (80.6%)  
General gynaecology only  22 (8.2%)  
Subspecialist  30 (11.1%)  
Hospital type 
Tertiary hospital 236 (56.6%) 129 (48.0%) 107 (72.3%) 
Non-tertiary metropolitan 95 (22.7%) 72 (26.7%) 23 (15.5%) 
Regional 69 (16.5%) 54 (20.1%) 15 (10.1%) 
Rural / remote 17 (4.1%) 14 (5.2%) 3 (2.0%) 
 
Access to simulation training 
Simulation training was accessible to the majority of trainees (129, 87.2%), 
the most common type of simulation model available was a box trainer (98 
trainees, 66.2%), followed by functional anatomical models (such as a model 
pelvis used to practice endometrial sampling or perineal tear repair) (54.7%) 
and a virtual reality simulator (16.2%) (Table 3). Few trainees (19, 12.8%) 
reported that simulation training of any form was not available at their hospital, 
but this was more common amongst non-tertiary hospital trainees than tertiary 
hospital trainees (24.4% versus 8.4%, P=0.02).  
 
Table 3: Types of simulation training available and presence of simulation 
training support  
 
All trainees 
responding 
to survey 
n=148 
n (%) 
Tertiary 
hospital 
n=107 
n (%) 
Non-tertiary 
hospital 
n=41 
n (%) 
P-value 
(Tertiary 
compared 
to non-
tertiary 
hospitals) 
Type of Simulation Training 
Box trainer 98 (66.2%) 75 (70.1%) 23 (56.1%) 0.16 
Functional anatomical 
model (e.g., pelvis, 
gynaecology model) 
81 (54.7%) 65 (60.7%) 16 (39.0%) 0.03* 
Virtual reality simulator 24 (16.2%) 22 (20.5%) 2 (4.8%) 0.02* 
Live animal model 4 (2.7%) 3 (2.8%) 1 (2.4%) 0.99 
Tissue model 1 (0.7%) 1 (0.9%) 0 (0%) 0.99 
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Cadaveric model 0 (0%) 0 (0%) 0 (0%) 0.99 
Other† 1 (0.7%) 1 (0.9%) 0 (0%) 0.99 
More than 1 type 63 (42.6%) 53 (49.5%) 10 (24.4%) 0.01* 
At least 1 type 129 (87.2%) 98 (91.6%) 31 (75.6%) 0.02* 
None 19 (12.8%) 9 (8.4%) 10 (24.4%) 0.02* 
Simulation training support 
Simulation curriculum is 
present 
16 (10.8%) 15 (14.0%) 1 (2.4%) 0.04* 
Trainees are allocated 
rostered time for simulation 
training 
27 (18.2%) 25 (23.4%) 2 (4.8%) 0.01* 
Trainees are always or 
mostly supervised for 
simulation training 
9 (6.1%) 6 (5.6%) 3 (7.3%) 0.71 
* P<0.05 
† One trainee reported use of fruit  
 
Simulation was supported by a training curriculum for the minority of trainees 
(16, 10.8%) (Table 2). Of those who reported a simulation curriculum was 
present, almost all were located at tertiary hospitals. Simulation curricula were 
more common in Queensland, reported by 29% of trainees. Only New 
Zealand (11.9%) and the combined Victoria/Tasmania training region (6.7%) 
trainees reported any supporting curricula. No trainees from other regions 
reported a simulation curriculum that supported their use of simulation.  
 
Only 18% of trainees were allocated rostered time for simulation training. The 
majority (92.6%) of those allocated rostered time were from tertiary hospitals. 
Very few trainees (6.1%) are supervised during simulation training. 
Enablers of Simulation Training 
 “Desire for skill development”, “improved live operative exposure” and 
“rostered protected time” received the highest number of strongly agree 
responses for motivations to participate in surgical simulation (Figure 2). 
“Simulator is available at home” and “Competition with peers” received more 
neutral, disagree or strongly disagree responses.  
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Figure 2: Participant responses to motivators of participation in surgical 
simulation training 
 
Barriers to Simulation Training 
 “Limited access to simulation equipment”, “lack of time” and “other training 
priorities” were highly rated factors preventing participation in simulation 
training (Figure 3).  “Lack of interest” and “don’t think it’s necessary” were 
rated lower. 
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Figure 3: Participant responses to barriers to participation in surgical 
simulation training 
 
Beliefs about Simulation Training 
Participants gave more agree or strongly agree responses to the beliefs that 
hospitals should provide the resources for simulation training, that simulation 
improves skills, that skills transfer to the operating theatre and that the 
addition of simulation to the training curriculum would benefit trainees (Figure 
4). Responses related to mandatory simulation training or demonstrating 
proficiency prior to performing surgery received fewer agree or strongly agree 
responses. Few respondents believed simulation training is a good substitute 
for operating theatre experience.  
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Figure 4: Participant attitudes towards surgical simulation training 
 
Subgroup comparisons of attitudes towards simulation 
Trainees versus fellows: 
Trainees less commonly than fellows agreed or strongly agreed that simulator 
proficiency should be demonstrated prior to performing real surgery (29% 
versus 51%, P<0.001). Trainees were more likely to agree or strongly agree 
that training hospitals should provide equipment, time and supervision for 
simulation training (91% versus 84% P=0.046).  There were no significant 
differences between trainees and fellows the proportions of agree and 
strongly agree responses to the other beliefs.  
 
Male versus female trainees: 
There were 24 male trainees who completed the survey, representing 16.2% 
of the trainees. Male trainees were less likely to agree or strongly agree that 
“simulator proficiency should be demonstrated by trainees prior to performing 
surgery as primary operator” (4% versus 34%, P=0.009) and “training 
hospitals should provide equipment, time and supervision to all trainees for 
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simulation training” (70% versus 96%, P<0.001).  Proportions of agree and 
strongly agree responses were similar in the other beliefs.  
Analysis of participant comments 
Four main themes were identified by the thematic analysis. These were the 
need for a curriculum, protected time, cost (financial constraints) and the role 
of simulation. Representative comments are given in Table 4. Both trainees 
and fellows felt that simulators in isolation were not useful, unless they were 
supported by structured training. Protected time was felt necessary to support 
such training. It appeared that cost was a significant barrier to simulation 
training, impacting on both the availability of training time for trainees to focus 
on surgical education rather than service provision, as well as the capacity for 
hospitals to provide simulators and support staff. The role of simulation was 
considered to be an adjunct to routine training, with both trainees and fellows 
feeling it could not replace real operating. Simulation training was considered 
to have a role in improving skills outside of the theatre, particularly when there 
were infrequent opportunities to perform real surgery.  
 
Table 4: Themes identified in the survey and representative comments  
 Trainees Fellows 
Curriculum “It has not been particularly useful in my 
experience to have a box of equipment 
in an office somewhere – a curriculum, 
clear goals and supervision would be 
much more useful” 
  
 “simulation training like all forms of 
training will work best if structured, 
supervised and goal directed” 
 
“we need stronger and structured 
surgical curriculum rather than a simple 
surgical competency form at the end of 
year 5” 
Time “Protected time with a senior trainee / 
consultant will be great” 
 
“Hospitals are under resourced and 
focus on service provision and 
constantly sacrifice surgical training” 
“protected time needs to be provided for 
simulation training” 
 
“most of the sessions I’ve been involved 
with are out of hours and time provided 
free by clinician and trainee” 
 
I think this is an area that trainees can 
show a little tiny bit of self motivation 
and organise themselves to do it with 
the provided equipment, and not be 
totally spoon fed by consultants/hospital. 
Cost “Hospitals are under resourced and 
focus on service provision and 
constantly sacrifice surgical training”  
“most hospitals have limited resources, 
time and money to provide this as part 
of training”  
“Time and money are the two scarcest 
resources in public hospitals, particularly 
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non-tertiary hospitals...it would not be 
helpful to insist that hospitals should 
provide simulator training without the 
provision of resources to do so.” 
Role “simulation training should augment not 
replace actual operating”  
 
“great way of practicing operations and 
skills when limited operating time is 
available” 
 
“I got to practice an computer simulated 
ectopic 3 times in a row and it really 
boosted my skills the next time I did one 
- otherwise often the operations are far 
apart and it is hard to build confidence 
and skills” 
“simulation will never replace real 
operating theatre experience, but it 
helps with dexterity, depth perception 
and general know-how. It improves skills 
and accelerates the learning curve on 
real patients” 
 
“simulation does allow for a build up of 
skills where there is a lack of surgical 
cases” 
 
3.4. Discussion 
This study identified that simulation training, in at least some form, appears to 
be accessible to the majority of trainees in Australia. Unfortunately there is a 
disparity in the access to simulation across hospital types and regions. The 
variety of simulation used was limited. There is an apparent lack of formal 
curricula to support simulation training. Participants felt that simulation training 
improves skills and would benefit trainees if added to the gynaecology training 
curriculum in Australia. Despite this, more than half of the participants did not 
support mandatory simulation training. Consistent with previous studies of 
simulation training in medicine124, 126, themes of cost and time constraints 
were highlighted as barriers to simulation training. Participants also 
highlighted the potential role of simulation training and the need for a 
curriculum. 
 
Access to simulation differed between participants from tertiary and non-
tertiary hospitals, as well as those in metropolitan compared to regional areas. 
Despite apparently high access to simulation equipment (87% of trainees), 
one in four respondents from non-tertiary hospitals reported no access to 
simulation models, compared to only one in 12 from tertiary hospitals. Such 
differences may result from established simulation programs at tertiary 
hospitals. Alternatively it could be due to differing budget priorities in tertiary 
hospitals, a focus on academia, or the motivation of senior specialists. Similar 
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factors may be influencing the regional differences in simulation access, 
considering 29% of Queensland trainees reported a simulation curriculum at 
their hospitals, compared to only 12% of New Zealand trainees and 7% of 
Victoria/Tasmania (combined region) trainees and no trainees from other 
Australian regions. When considering that gynaecology trainees rotate 
through a range of hospitals, it is important that all settings have similar 
access to simulation training to ensure consistent procedural skill 
development. This regional discrepancy highlights target areas for simulation 
expansion and a focus on methods of simulation training that would be 
applicable to both high and lower resource settings.  
 
This survey exposed an apparent lack of formalised simulation training in 
surgical training curricula, despite the apparent availability of simulators. Less 
than one in ten trainees have a simulation curriculum, supervision or coaching 
for simulation training at their hospital. Although 87% of trainees have access 
to one type of simulator, “limited access to simulation equipment” was the 
highest rated barrier to the use of simulation. Possible explanations include 
perceived inaccessibility due to the location of simulation equipment, the 
working order of equipment, or a lack of protected time for simulation training 
or supervision; factors which have been highlighted in previous studies.119, 124, 
126, 176, 177 A lack of time, availability simulation equipment and cost were 
identified from survey comments as common obstacles to simulation training 
that support these assumptions. The need for a curriculum and supervision 
were highlighted as necessary supports for simulation training, which may 
assist the uptake. 
 
The survey revealed fellows and trainees held similar views on most aspects 
of simulation training. Trainees and fellows believe simulation training is 
beneficial and that simulation training was important for patient safety. A 
minority of trainees and fellows agreed that simulation proficiency should be 
demonstrated prior to live surgery. This finding is similar to a study of general 
surgery trainees by Shetty et al who observed that the majority of participants 
believe simulation training improves surgical performance, yet just over half 
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consider that proficiency should be demonstrated prior to beginning live 
operating.126 Some important differences between other participant groups 
were noted. In our study, fewer trainees than fellows, and fewer male than 
female trainees supported a proficiency threshold.  This could reflect trainee 
concern about the creation of additional assessments or barriers to live 
operating; gender differences might signal variation in preferences for surgical 
training. Users of simulation may also be concerned about realism, skill 
transfer to theatre, and a lack of demonstrable benefit to patient outcomes.61, 
62, 65 Making simulation mandatory or formalising simulation within the 
curriculum would also help it to be seen as part of routine training rather than 
an additional burden.9, 127 Considering the attitudes identified in the study, in 
the absence of some formal requirement of trainees to participate in 
simulation, it seems unlikely that there would be any significant change to the 
access, uptake and utilisation of simulation for trainees. A structured 
curriculum, focusing on enabling simulator use for trainees, would likely be 
beneficial.  
 
There are a number of recognised limitations to this study. The response rate 
of 24% was low, though in line with previous surveys distributed to RANZCOG 
members.178-180 The finite population surveyed however, does help increase 
the precision of estimates181, though it is plausible that participation bias could 
have influenced the findings.  As no validated questionnaire existed for the 
study aims, the questions were devised from interviews of trainees and 
fellows in Queensland. Questionnaire items could not list an entirely 
comprehensive number of options for potential barriers, enablers and 
attitudes to simulation.  Although there was the opportunity for free comments, 
the options given in each question may have limited the responses of the 
participants. The survey did not specifically explore design or structure 
elements of the existing training curricula reported by trainees, so no 
comment could be made on the nature of these. No correlation was made 
between trainee real surgery procedure numbers and the presence of 
simulation training equipment or curricula to know if simulation training 
impacted on real operative experience.  
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Despite these limitations, this study provided the first comprehensive 
evaluation of the use of simulation in gynaecology in Australia. The survey 
revealed a number of novel findings regarding the current use of simulation 
training and the associated beliefs of trainees and fellows in gynaecology in 
Australia and New Zealand. Even with apparent availability of simulation 
equipment, the use of this appears low, particularly in a formalised or 
supervised manner, with differences in availability noted across hospital types 
and regions. Time constraints, availability of equipment and cost were 
highlighted barriers to use, whilst the need for a curriculum and supervision 
were identified as important supports for training. Further research into how 
simulation training can be successfully implemented into a surgical curriculum 
is required. These findings allow an evidence-based foundation for such 
curricula.  
 
3.5. Conclusion 
This study provided an important baseline understanding of the current uptake 
and attitudes towards simulation training in gynaecology. Even with the 
apparent availability of simulation training equipment, there is little evidence of 
formalised use. It appears that gynaecology trainees are not supported by 
local or national simulation training curricula, allocated time or supervision. 
Fellows and trainees believe that simulation training is beneficial to skill 
acquisition and to skills transfer to the operating theatre, and the addition of 
simulation training to the surgical curriculum may be of benefit to trainees. 
These positive attitudes provide initial support for the hypothesis that low-
fidelity simulation training is acceptable to gynaecology trainees.  
 
Despite these positive attitudes, there was limited evidence of formal 
implementation of simulation. As such, further research into acceptable 
methods of integrating simulation into the gynaecology curriculum is 
warranted. This may address the revealed deficiencies in supported 
simulation training. Important supports to such training identified by 
respondents were a supporting curriculum, allocated time and supervision. 
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These features would provide a rational basis for simulation curricula design. 
The variety of simulation models available to trainees was limited, and 
significant regional variation in simulation access was noted. Therefore, 
research into acceptable simulation training should consider cost-effective 
accessible low-fidelity models for both laparoscopic and non-laparoscopic 
surgical simulation.   
  
64 
 
Publication included in Chapter 4 
 
Research included in this chapter has been published in Simulation in 
Healthcare.  
 
Wilson E, Beckmann M, Hewett DG, Jolly B, Janssens S. Evaluation of a 
Low-Fidelity Surgical Simulator for Large Loop Excision of the Transformation 
Zone (LLETZ). Simulation in Healthcare. 2017: 12(5); 304-307 
 
I significantly contributed to the research in this paper, which forms part of the 
following chapter. I contributed to the conception and design of the project. I 
collected a large amount of the data and performed the majority of the 
statistical analysis. I wrote the paper in its entireity and performed the edits 
and revisions for publication, with some assistance from co-authors, who 
contributed in the editing phase.  
  
65 
 
4. NON-LAPAROSCOPIC LOW-FIDELITY SIMULATION 
4.1. Introduction 
It was identified in Chapter 3 that less than half of gynaecology trainees 
reported access to more than one type of simulation model. The literature 
reveals that a lack of equipment or appropriate staff limits access to 
simulation training.64, 119 Given the finite healthcare resources it is likely that 
low-cost simulation models requiring limited materials and personnel would be 
more readily adopted.119 If there is little variety of simulation equipment 
available to trainees, the range of skills that can be practiced is limited. 
Beyond laparoscopy and hysteroscopy, few simulators have been evaluated 
for procedures in gynaecology.2 Assessing only laparoscopic procedures in 
simulation research limits the capacity to generalise findings to other aspects 
of surgical training. It is important to evaluate forms of laparoscopic and non-
laparoscopic simulation training for a more comprehensive understanding of 
efficacy and acceptability. This research seeks to evaluate non-laparoscopic 
simulation in gynaecology, before evaluating a laparoscopic curriculum in later 
chapters. In evaluating non-laparoscopic simulation training, it was important 
to select a simulator that would be likely acceptable and effective for training.   
 
4.1.1. Acceptability considerations in simulator selection 
The realism of a simulator is an important consideration in simulation training 
design.12, 182 The level of realism desirable for training depends on the 
experience of the users, the nature of the simulated procedure to be 
undertaken, training objectives, cost and the capacity for transfer of 
learning.100, 183 Simulator realism has the potential to affect performance 
following training88, 101, 103, 109 and impact on the acceptability of the simulation 
to trainees.126 Knowing what features of a simulator enhance a user’s 
perception of simulator realism promotes an evidence-based approach to 
planning simulator design or aids choosing between existing simulators to 
achieve a mode of training acceptable to users.183 
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When considering acceptable simulator design or selection it is unclear to 
what extent a simulator needs to look real (referred to as structural or 
engineer fidelity) or act real (referred to as functional or psychological fidelity) 
to appeal to participants. These properties of a simulator are potentially 
important contributors to perceptions of realism.183 However, our further 
understanding of this contribution is hindered by a lack standardisation in 
assessment.  To understand how simulator features influence acceptability, 
an experiment was performed to compare separate simulators for the same 
procedure and apply a developed “realism assessment tool”. The study184 is 
outlined in detail in Appendix 3.  
 
A realism questionnaire was designed, applied, and analysed for the technical 
procedure of intrauterine contraceptive device (IUCD) insertion (Appendix 3). 
Insertion of IUCD was chosen as it is a simple procedure that would 
reasonably be practiced by doctors of varying experience (to capture a cross-
section of clinicians) and multiple simulators are available for the procedure. It 
is also a procedure that has some similar steps to those needed in cervical 
excision procedures, which were planned to form the basis of further research 
in this thesis. Three simulator models were chosen that appeared to differ in 
realism without being obviously superior for training. The simulators 
represented the spectrum of IUCD insertion models available at the institution. 
Participants were doctors of varying experience in gynaecology who would 
reasonably attempt the procedure in clinical practice. They performed an 
IUCD insertion on each model before using the realism assessment tool to 
rate the features of the simulator and their impression of its usefulness. 
Participants perceived the realism of the simulators to be different across the 
chosen models, but similar ratings were given by participants from all levels of 
experience. Scores revealed that items related to the function of the simulator 
had higher importance than items related to the structure (anatomy) of the 
simulator. This finding is consistent with arguments that simulator function 
may be more important than appearance.103, 183 The realism of performing 
procedural steps and the realism of viewing steps of the procedure in the 
simulator were rated as highly important to the participants. This information 
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supports a focus on function over appearance when selecting simulators for 
training. The findings from this evaluation in context of the known literature 
helped support simulator selection.  
 
4.1.2. Non-laparoscopic procedure selection 
The non-laparoscopic surgery chosen was a Large Loop Excision of the 
Transformation Zone (LLETZ). A LLETZ involves the removal of dysplastic 
lesions of the cervix. It can be a challenging procedure to learn and perform, 
as the use of electrosurgery (sometimes under magnification) requires a high 
degree of psychomotor co-ordination and precision to avoid either an 
excessively or an inadequately deep excision. The operative field is at the end 
of the vagina, limiting a trainer's ability to observe, guide or correct a trainee's 
actions during the procedure. Additionally, the procedure is commonly 
performed with local anaesthesia in an awake patient, which can inhibit the 
free flow of verbal instructions to the trainee.  A LLETZ therefore represents a 
surgical procedure where simulation-based training prior to live surgery may 
be of considerable value to practice key technical steps. There are no 
established LLETZ simulation programs and therefore trainees were unlikely 
to have been exposed to previous training.  
 
A review of trainee performance in LLETZ procedures revealed an area for 
performance improvement. Trainees, in comparison to their supervisors, 
demonstrated less optimal surgical outcomes in an audit of all LLETZ 
procedures performed at the study hospital from 2013-2015. This audit at the 
study institution compared specimens of procedures performed by trainees 
and specialists against NHMRC guidelines of optimal surgical performance. 
Specimens were reviewed for their depth, excision margins and fragmentation 
for their accordance with the guidelines. Of the 283 specimens reviewed 
trainee specimens were significantly less likely to have clear margins (46% 
versus 63%, p=0.018) and meet all criteria for optimal excision (26% versus 
40%, p=0.024) than those of specialists. These findings were instrumental in 
identifying an important quality of care issue associated with surgical training. 
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This is a surgery where technical improvement amongst trainees may 
positively impact on surgical and patient outcomes. 
 
4.1.3. LLETZ simulator selection 
A review of the literature revealed a small number of LLETZ simulators have 
been described (one simulator was described in two studies by the same 
institution).95-99, 185, 186 Four of these papers were observational reports of 
simulator construction or use and provided no evaluation of participant 
experience or outcomes from training. Whilst the simulators have some 
similarities in construction, there is no standard design or commercial model 
available. Models consist of a range of materials (cardboard, foam, PVC) and 
use meat-based products to simulate the cervix (beef, various types of 
sausages).  Favourable feedback from users was provided in two studies that 
utilised post-training surveys.96, 185 The simulators were considered to be 
clinically relevant96 and participants reported decreased anxiety in performing 
a LLETZ procedure after training.185 The ability of these simulators to teach 
procedural skills has been demonstrated.96, 186 One study was able to 
demonstrate improved simulated-procedure performance scores following a 
training course using a LLETZ simulator.96 A second study by the same 
institution demonstrated improved simulated LLETZ performance over three 
consecutive days of assessments by novice performers who had never 
previously performed a LLETZ procedure.186 The 58 participants improved in 
both subjective and objective performance evaluations, procedural time and 
confidence. When their performance was compared to 10 experts, the experts 
performed significantly better on the simulator, providing a further source of 
evidence in simulator evaluation.186 No other sources of evidence have been 
demonstrated to support the validity of LLETZ simulators. No studies have 
been performed to evaluate if such training improves outcomes in real 
procedures.  
 
The review of the literature and the aforementioned study of simulator realism 
demonstrating the importance of simulator function (over appearance) 
supported the choice to use a low-fidelity LLETZ simulator constructed of 
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readily available materials. This approach was intended to allow any centre to 
adopt similar simulator construction. As there is no existing validated 
commercial simulator and previously published simulators varied in design, 
the research intended to test the chosen simulator in order to gather evidence 
to support its use.   
4.1.4. LLETZ simulator: approach to assessing validity 
Determining the validity of a simulator is a process requiring multiple 
evaluations.146 To begin to demonstrate the validity of an instrument, the 
intended application of the instrument must be defined.187 As the LLETZ 
simulator is planned to allow performance of an entire replicated procedure 
(as opposed to isolated skills training), the purpose of validity assessments 
were to demonstrate that the simulator is capable of allowing performance at 
a level expected in real surgery. Simulation research contains copious 
demonstrations that simulator training correlates with improved participant 
satisfaction with training or improved performance in the rehearsed task.61, 62 
Demonstrating that training on a simulator improves performance on a 
simulator is an inadequate demonstration of the value of simulation training 
for surgery; possibly only representing the human response to familiarity and 
practice.61, 63 The gathering of multiple sources of evidence is the more 
contemporary approach to such simulator evaluations.146, 149 This approach 
suggests that all evaluations are testing the “construct validity” of a simulator 
and examines the domains of: content, response process, internal structure, 
relationship to other variables and consequences.188, 189 In evaluating the 
simulator this approach was followed to assess the content of the simulator, 
the correlation between practitioner experience and simulator performance, 
and ultimately review trainee performance following simulator use as part of a 
curriculum.  
 
4.2. Evaluation of a low-fidelity surgical simulator for a LLETZ 
procedure 
The first step in the evaluation of the acceptability and efficacy of the low-
fidelity LLETZ simulator was to assess the relationship of practitioner 
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experience with simulator performance. This provides a source of evidence 
for the validity of the simulator to allow the performance of a LLETZ 
procedure. More experienced or expert performers should be able to use a 
simulator to perform the task at a more expert level than less experienced 
performers. If expert performance on a simulator is not better than junior 
practitioners, the simulator may be failing to allow the demonstration of the 
appropriate technical skills. 
 
A study was undertaken with the aim of evaluating the simulator for efficacy of 
demonstrating participant skill and acceptability to users. This was 
investigated by assessing the performance of junior, intermediate and expert 
level doctors in a simulated LLETZ procedure using the LLETZ simulator. An 
evaluation of participant impressions of the simulator was also performed to 
understand how the content of the simulator was perceived. As outlined 
above, these combined assessments provide preliminary sources of evidence 
for the validity of the simulator.  
4.3. Method 
Simulator construction 
The simulator used in this research was constructed using readily accessible 
materials. A cardboard shoebox with 8cm wide hole cut out from a long side 
panel and opposite panel removed formed the frame of the simulator (see 
Figure 5). The ankle cuff opening of a small sock (child size) was pinned with 
tacks (split pin paper fasteners) to the edges of the hole to represent the 
vagina. A hole was cut in the toe of the sock for a kabana to be inserted to 
appear as a cervix, held in place with a rubber band. The end of the kabana 
was attached to a diathermy plate. A “lesion” was marked on the kabana end 
using diathermy or marking pen to allow participants to aim for complete 
lesion excision. Usual material for a LLETZ procedure such as a colposcope, 
speculum, diathermy, suction tubing, LLETZ loops, ball electrode, forceps and 
local anaesthetic syringes were used to perform the simulated procedure. 
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Figure 5: LLETZ simulator in use 
Simulated procedure performance assessment tool design 
The assessment method was chosen based on similar previous studies using 
the method of checklist and global rating scale (GRS).154-158 Items in the 
assessment tool were planned to apply to a LLETZ procedure and a group of 
gynaecology specialists reviewed the items prior to the study. The specialists 
provided feedback on the suitability of the items and adequate scope of the 
assessment. Some items were then removed from the original questionnaire 
when deemed not suitable for assessment via video (Appendix 4 provides the 
assessment items). Checklist items remaining were able to be assessed in 
the simulated procedure videos, and three points were allocated to a 
completed checklist item, in line with other literature157, 190 and allowing for the 
restricted item checklist and GRS to be of similar weight. The videos included 
still shots of the final specimen next to a surgical measuring tape to allow the 
assessment of margins and height. Damage to surrounding tissue was 
deemed if the operator was seen to touch any part of the simulator other than 
the “cervix” with a needle or activated diathermy. An appropriate obtainment 
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of haemostasis (in the absence of bleeding) was deemed to be routine 
activation of a ball diathermy to the excision base.  
Participants 
Participants were doctors from a single institution of varying levels of 
gynaecology experience. Participants were categorised according to their 
training level into novices (medical residents, non-specialized), intermediates 
(gynaecology specialising trainees) and experts (attending gynaecologists). 
Sample size (Appendix 5) was calculated based on anticipated overall 
performance score differences between novice, intermediate and expert 
participants after reviewing performances at a pre-study workshop. Based on 
these assumptions a minimum sample size of five novices, nine intermediates 
and nine experts was required to demonstrate a significant difference in 
performance scores. Data was gathered on each participant’s experience with 
the procedure, their role, the number of times they had previously performed a 
LLETZ procedure (real) and how recently they had performed a LLETZ 
procedure.   
Simulated procedure assessment 
A study coordinator obtained informed consent from each participant and 
instructed the use of the simulator. Each participant performed a single LLETZ 
procedure, which was video-recorded without capturing identifying images 
(avoided including head/face in video). Voices were automatically captured on 
the videos, but muted for assessment to prevent assessors from identifying 
participants. The de-identified videos, without audio, were blind reviewed by 
two independent expert-level assessors and scored using the checklist (score 
out of 12) and GRS (score out of 20).  
 
The assessors received rater training through sample videos with example 
assessments (reached by consensus from study investigators) from a novice, 
intermediate and expert performer who used the simulator prior to the study. 
Assessors were able to watch the sample videos prior to completing the study 
assessments and view completed sample assessments (and access these at 
any time) to guide scoring across expertise levels.  
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Simulator Assessment 
Participants completed a simulation evaluation questionnaire (Appendix 6) 
immediately following their use of the simulator to assess the performance of 
the simulator in terms of its realism and acceptability for use. Items in the 
questionnaire utilised a five-point ranking scale and were chosen based on a 
review of published similar assessments of developed simulators.191, 192  
Statistical analysis 
Categorical variables were compared by Chi-squared test. Continuous 
variables were compared using ANOVA. P<0.05 was considered significant. 
Median scores for each item in the simulator evaluation questionnaire were 
compared for participant experience level using Kruskal Wallis with between 
level comparison by Mann-Whitney U test. 
 
The inter-rater reliability of the two assessors was calculated using 
Cronbach’s alpha. Participants received a checklist and GRS score, which 
were added together to form an overall score (out of 32). These scores from 
each assessor were combined to give each participant a mean performance 
score. Mean performance scores were compared between groups of varying 
experience by ANOVA with subsequent pairwise comparison with Tukey’s 
method adjustment. 
 
4.4. Results 
The study recruited 29 doctors. Table 5 shows their level (defined by training 
level in gynaecology) and relation to their years of experience in O&G and the 
number of times they had previously performed a LLETZ procedure (Table 5).  
 
Table 5: LLETZ evaluation participant experience and simulator evaluation 
scores 
 Participant Level 
 1 Novice 
N=7 
2 Intermediate 
N=10 
3 Expert 
N=12 
Number of times operation 
previously performed* 
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0-10 7 4 0 
11-50 0 5 0 
>50 0 1 12 
Years of experience in 
O&G** 
Mean (SD) 
0.6 (1.1) 3.4 (2.4) 14.1 (9.1) 
Participant Simulator 
Evaluation score (out of 
25)*** 
Mean (SD) 
21 (2) 22.6 (2.9) 21.9 (2.4) 
* Chi-squared X2 (4, N=29) = 35.2, P=<0.001 
**ANOVA F(2,26) = 13.66, P<0.001 
***ANOVA F(2,20) = 0.48, P=0.63 
 
Evaluation questionnaire results demonstrated favourable impressions 
amongst participants, with over 75% of respondents agreeing the simulator 
was able to replicate the feel and set up of a real LLETZ procedure. 
Furthermore, every participant felt that the simulator was useful for improving 
LLETZ skills and that it would be useful for training LLETZ procedures. There 
were no significant differences in overall evaluation scores between 
participants of different levels (Table 5). Analysis of each item showed novice 
participants gave lower scores for the item of “feels like an actual LLETZ 
procedure” than intermediates (median score 3 vs 4, P=0.02) and experts 
(median 3 vs 4, P=0.02). No significant differences were found for the other 
items. Only one negative opinion of the simulator was received, regarding the 
use of the simulator for assessment; with a single disagree response for the 
item of “seems useful for assessing ability to perform a LLETZ”.  
 
Participant performance scores (checklist, GRS and overall) varied with 
experience level (P<0.001) (Figure 6). For all of these scores, performance 
was higher for both experts and intermediates compared to novices. Expert 
participants had a mean checklist score of 9.6 compared to 4.5 for novices 
(P<0.001), GRS score mean of 15.3 compared to 7.9, (P<0.001) and overall 
score mean 25.1 compared to 12.4 (P<0.001). Intermediate participants had a 
mean checklist score of 8.9 compared to 4.5 for novices (P=0.001), GRS 
score mean 12.0 compared to 7.9 (P=0.004) and overall score mean 20.9 
compared to 12.4 (P=0.001). Expert participants achieved higher scores than 
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the intermediate group, with a significant difference demonstrated for both 
GRS (mean 15.3 versus 12, P=0.007) and overall scores (mean 25.1 versus 
20.9, P=0.046), but for the checklist (mean 9.6 versus 8.9, P=0.66).  
 
 
Figure 6: LLETZ simulator evaluation participant performance scores by 
experience level 
 
The inter-rater reliability of the blinded assessments was 0.76 for the 
checklist, 0.82 for the GRS and 0.84 for overall score.  
 
4.5. Discussion 
The results of this study demonstrate evidence for the efficacy of this low-
fidelity LLETZ simulator in demonstrating participant skill. The simulator 
appeared acceptable to users with positive simulator evaluations. The LLETZ 
simulator is low-cost, comprised of readily available materials and the majority 
of respondents agreed that the simulator was realistic and useful for training. 
High inter-rater reliability of performance scores, in line with similar estimates 
in other studies193, supports the consistency of the chosen method of 
performance assessment.  
 
Establishing the validity of a simulator requires multiple evaluations.146 This 
study provides sources of evidence for the validity of the simulator. This 
research, through testing the efficacy of the simulator, sought to demonstrate 
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that the simulator was capable of allowing performance at a level expected in 
real surgery. This assessment provides evidence of a relationship of simulator 
performance to other variables; in this case clinical experience (implied 
skill).194 Expert level gynaecologists performed better than intermediate-level 
trainees, who performed better than novice trainees. Performance scores 
were different across the three levels of expertise. This is a stronger argument 
for the validity of the simulator than studies that only compare novice and 
expert groups.1, 49, 64 This finding provides evidence that the simulator allows 
skilled performance of a LLETZ, reflecting clinical skill that would be 
anticipated with experience. This positive finding provides support for future 
research of the use of the simulator in training.  
 
Analysis of the simulator evaluation questionnaire revealed most respondents 
agreed that the simulator was realistic and useful for training. This provides an 
additional source of validity evidence related to the content of the 
simulator.147, 149 An intermediate level trainee disagreed that the simulator 
would be useful for assessment, possibly reflecting a degree of reluctance for 
simulation to be used for assessment or credentialing purposes.126, 195 Further 
evidence would be needed to support the validity of using such a simulator as 
an assessment tool.194 Some participants chose a neutral response to the 
simulator feeling like an actual LLETZ procedure. Further analysis revealed 
the novice group gave lower scores in this item than intermediates or experts. 
It may be a reflection of a relatively limited experience with real procedures or 
simulators. Despite this, all participants felt the simulator seemed useful for 
improving skills, in line with literature proposing the function of the simulator 
may be more valuable to users than the appearance.103, 183 This provides 
support for the low-cost low-fidelity design.  
 
Overall, this study provides evidence for the efficacy and acceptability of low-
fidelity simulation for training. As described in Chapter 2, there are many 
areas in surgical training, and particularly in gynaecology, where simulation 
may be underutilised.76 The availability of simulation equipment is a barrier to 
simulation training and low cost models may be more likely to be widely 
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adopted.64, 119 This study has demonstrated the potential utility of simulation in 
a broader scope of procedures, such as LLETZ. Other studies (as highlighted 
previously)95-99, 185, 186 described LLETZ simulator design, but provided 
minimal sources of simulator evaluation. A lack of evaluation research is a 
potential contributor to the limited uptake of simulation models in 
gynaecology, as was found and described in Chapter 3. Therefore, this 
research contributes to the literature by providing selected elements of a 
validation process for a LLETZ simulator. The findings support the use of such 
a low-fidelity model for training a non-laparoscopic gynaecology surgery.  
 
There were a number of limitations to this study, owing to inherent difficulties 
in performance assessment of clinicians. Performance scoring relied on a 
subjective review by independent assessors. The checklist did not 
demonstrate a significant difference in scores between the intermediate and 
expert groups. Checklists allow objectivity for raters194, though they can 
reward thoroughness or awareness of the procedural process rather than 
surgical skill.194 The intermediate group may have had sufficient experience to 
be familiar with the steps of the procedure to score highly on the checklist. 
Their capacity to complete the steps is plausibly similar to the expert group. A 
larger sample size may have resulted in a significant difference in checklist 
scores, as the power calculation for the study was based on the overall score 
only. Larger sample sizes would also improve the generalizability of the 
findings. The expert group did not universally obtain perfect scores in the 
checklist, commonly due to suboptimal specimen adequacy as occurs in live 
LLETZ surgery.196, 197 Other explanations for the lack of difference between 
expert and intermediate participants could also include experts having less 
experience with simulation or failing to achieve mastery from traditional 
training despite experience.28 A GRS may be more sensitive in differentiating 
between levels of skill198, particularly if performers are familiar with procedural 
steps. This feature of a GRS may explain the significant difference between 
GRS scores for participant groups in this study.  
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Further limitations include the restricted population available at the single 
institution for testing, as well as the use of filmed performance for 
assessment. Filmed performance was chosen to enable de-identified 
assessment, however it was not possible to assess some skills this way (such 
as naming instruments correctly), as this would potentially compromise 
assessor blinding. Therefore the assessment tool was modified following the 
initial design to remove certain steps not amenable to video assessment. 
Correlation with actual procedural performance would also be beneficial, but 
was not performed in this instance due to a limited number of real procedures 
available and the department structure meant gynaecology trainees 
(intermediate group) were the group most commonly assigned to LLETZ 
cases. The hospital has some established simulation programs and 
performing such training within an environment such as this might limit 
generalizability to centres without a culture of simulation-based surgical 
training.  
 
4.6. Conclusion 
The findings provide preliminary evidence that this low-fidelity LLETZ 
simulator is an acceptable and effective method of surgical training for a non-
laparoscopic procedure in gynaecology. It appears trainees (and other more 
or less experienced clinicians) were able to use the simulator to perform 
LLETZ procedures in a manner that reflected the skill of the operator. Users of 
the simulator felt it was realistic and suitable for training. Whilst there is no 
test to prove a simulator is “valid”, the continual collection of evidence 
supports the theory that the simulator allows the demonstration of skilled 
performance.187  
 
This LLETZ simulator is low cost and could be used by a variety of 
institutions.  The favourable evaluations and ability of the simulator to provide 
a platform to skilfully perform a LLETZ procedure support its further 
evaluation. Future research will explore the relationship between simulator 
use and procedural outcomes and how this low-fidelity simulator could be 
integrated within surgical training.    
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5. EVALUATING THE INTEGRATION OF A NON-LAPAROSCOPIC 
SIMULATOR 
5.1. Introduction 
The previous chapter has outlined the selection and initial evaluation of a low-
fidelity simulator for a LLETZ procedure. A LLETZ procedure was chosen to 
serve as an example of a non-laparoscopic procedure that may benefit from 
simulation training, for which there is less current evidence for the role of 
simulation. The initial research demonstrated this simulator appeared 
acceptable to trainees for training LLETZ procedures. Additional validity 
evidence was gathered through demonstrating more experienced doctors 
showed more skilled performance on the LLETZ simulator. Further evaluation 
of the LLETZ simulator to contribute to an assessment of its acceptability and 
efficacy in training would be useful. It is particularly important to perform this 
evaluation of this simulator when implemented in the training setting. This 
would provide much needed information about acceptable and effective 
integration of simulation, which appears to be lacking in gynaecology. 
 
Evaluation of procedural outcomes amongst clinicians who have participated 
in simulation provides a high level of evidence for the value of simulation 
training.  However, evidence for clinical outcomes is limited in simulation 
research.47, 62, 163 To further evaluate the efficacy and acceptability of a LLETZ 
simulator, a study was planned to examine “real-procedure” outcomes 
following the implementation of this low-fidelity simulation training.  
 
The study aimed to evaluate the performance of trainees in LLETZ 
procedures following the implementation of a LLETZ simulator training 
program. The simulator training was integrated amongst standard training to 
further explore the acceptability and efficacy of practical implementation of 
low-fidelity simulation. Real-procedure outcome measures were included in 
this study with the desire to contribute to evidence supporting the efficacy of 
the simulator and demonstrate a translational benefit of training.  
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5.2. Methods 
Mixed methods were used for this study. The study institution was the same 
as for the previous validation study; a tertiary gynaecology training hospital in 
Brisbane, Australia. LLETZ procedure simulation training was introduced at 
the hospital in September of 2016. A retrospective study was performed, 
where routinely collected operating system and pathology report data from the 
12-month period following this introduction were collected and compared to a 
12-month period prior to the introduction of simulation training. The “pre-
training” period was designated to be September 2014 to September 2015 
(rather than the immediate 12 months prior to training) as the LLETZ simulator 
was used occasionally after September 2015 for the purpose of the previous 
study described in Chapter 4. Therefore some trainees may have had 
experience with the simulator in the 12 months immediately prior to 
September 2016, so this time period was excluded from analysis.  
Simulation training  
In September 2016 the training institution began using the (previously 
described) simulator as part of routine training for LLETZ procedures. This 
occurred following the previous study providing validity evidence for the 
simulator. Simulation training occurred prior to minor operating theatre 
sessions, with evidence to suggest the value of warm up (section 1.1).29, 31-35 
Most LLETZ procedures were performed in this clinical setting. As part of the 
routine of this minor operating list, trainees were directed to use the LLETZ 
simulator prior to operating. Under the supervision of a specialist (who 
routinely supervised the operating list), trainees were instructed to perform a 
simulated LLETZ procedures aiming for an adequately deep and complete 
excision. The trainees received immediate unstructured verbal feedback on 
their performance. The simulator allowed trainees to also review their 
“specimen” retrieved following the simulation. Trainees were encouraged to 
complete three simulated procedures prior to each operating list if time 
allowed.  
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Participants 
Gynaecology trainees at the study institution used the LLETZ simulator during 
the training period. These trainees were either unaccredited registrars 
(doctors working in the role of gynaecology trainees but not accepted into the 
RANZCOG program) or specialist trainees (of RANZCOG levels 1-5). The 
most senior trainees (RANZCOG level 6 specialist trainees) were not offered 
training due to their differing role in the department, where their clinical role 
sometimes overlapped with that of specialists. Trainees perform the majority 
of LLETZ procedures in this hospital; however, other more senior doctors 
performed LLETZ procedures if a trainee was not rostered to the operating list 
or if the trainee was considered too junior to operate independently for the 
particular case. These non-trainee/senior doctors who completed LLETZ 
procedures in the study periods did not receive training and were referred to 
as “specialists”. The “specialists” were typically fellows or specialists in 
gynaecology. 
Performance outcome measures 
Performance outcomes included in the study were procedure time and 
specimen quality. LLETZ procedure time was gathered from routinely 
collected operating system data. This operating time is typically entered by 
operating theatre staff and is timed from the start to the end of the surgical 
procedure. The time does not include other aspects of theatre usage, such as 
equipment set up or patient transfer. No general anaesthesia is performed in 
the minor operating theatre, therefore procedure time does not include 
anaesthetic time (except for the infiltration of local anaesthetic, which is a 
routine step in a LLETZ procedure). 
 
LLETZ specimen quality data was obtained from review of pathology reports. 
The specimen quality measures were defined as the depth, margin status and 
number of specimen pieces (or fragmentation) reported. Specimen accuracy 
measures were chosen to be in line with the Screening to Prevent Cervical 
Cancer guideline.199 The specimen depth was considered to be adequate if 
equal to or greater than 7mm.199 “Non-fragmentation” referred to the 
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excisional biopsy being performed whole and was considered present if a 
single piece was received by pathology. Margin status is determined by the 
presence or absence of disease at the limits of the excision. Margins were 
recorded as clear if there was an absence of any cervical intraepithelial 
neoplasia (CIN) at the margins. Margins were not considered to be clear if 
they could not be adequately assessed (diathermy artefact or due to 
excessive fragmentation). If a specimen was free of disease (no CIN found) it 
was not included in the “clear margins” analysis. However, the specimen 
could still be considered to meet “all criteria” (along with those specimens with 
clear margins) if it was otherwise a single non-fragmented piece. These 
specimens were included as the absence of disease in pathological 
examination is not a measure of LLETZ procedure skill, but of colposcopy, 
which is a separate skill to that being trained by the simulator.  
Program feedback 
After the training program had been running for 12 months, the trainees who 
had used the LLETZ simulator were invited to participate in an evaluation 
survey. Participation was not compulsory and no sample size was determined 
for any outcome measures from the feedback component of the study. 
Trainees were asked to evaluate the LLETZ simulator program via an online 
survey (SurveyMonkey, Palo Alto, CA, USA). The survey was designed to 
evaluate the acceptability of the simulator and program to the participating 
trainees. The survey was designed using both rating scales and open 
response-based questions, to provide both quantitative and qualitative data 
and allow examination of any triangulation.141  
 
Survey items were formulated after considering best practice principles 
proposed by Gehlbach and Artino200, including using a scale rather than only 
single items for participants to rate impressions of acceptability. Rating scale 
items were visually, numerically and conceptually balanced and used verbal 
labels to provide clarity to respondents.200 The five-point Likert-type scales 
were chosen due to the electronic format (associated with reduced 
interpolations170) and in line with previous similar studies internationally119, 124, 
126 and consistent with the previous survey in this research (Chapter 3). 
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Trainees provided their training level and reported their frequency of simulator 
use. Trainees used five-point Likert-like scales to rate their impression of the 
LLETZ simulator realism, as well as their perception of simulator impact on 
their skills, performance and patient outcomes. To further investigate the 
acceptability of the simulation program, trainees rated the convenience and 
benefit of such a program. Open-response format items were used to 
investigate trainee opinions beyond the limitations of the responses provided 
in the rating scales. Trainees were asked to give reasons preventing use of 
the simulator, enabling use of the simulator and to comment on what they 
liked and disliked about the simulation training 
Statistical analysis 
Analysis was performed using Stata software. LLETZ procedures were 
included in the analysis post-training if they were performed on an operating 
list where the LLETZ simulator was available to use prior (excluding a small 
number of LLETZ procedures performed in other clinical areas or 
departments). Outcomes were analysed for all operators and classified 
according to the groups of trainees and specialists, pre- and post-training. 
Categorical data such as the frequencies of “adequate depth”, “non-
fragmentation”, “clear margins” and “all criteria” were compared using Chi 
squared, or Fisher’s exact test if small frequencies less than five. Continuous 
data such as procedure times were compared by unpaired t-test if normally 
distributed and Mann Whitney U test if not normally distributed. P < 0.05 was 
considered significant. 
 
Subgroup analyses were performed by trainee level to compare groups 
according to junior (unaccredited or in RANZCOG training years one or two) 
and senior (years three to five) trainees. This subgroup analysis intended to 
assess if trainee seniority was similar in the pre- and post-training groups, or if 
seniority was related to the procedural outcomes.  
 
Quantitative data from the survey were analysed by descriptive statistics and 
frequency distributions. Qualitative data were reported descriptively. A content 
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analysis was planned if sufficient participants provided open response 
feedback. 
 
5.3. Results 
In total, 135 LLETZ procedures were reviewed; 68 prior to and 67 following 
simulator training. Trainees performed 34 (50%) of the LLETZ procedures 
during the pre-training period compared to 37 (55%) performed by trainees in 
the post-training period (P=0.543). The pre-training period included 
procedures performed by 11 different trainees; ten different trainees 
performed procedures in the post-training period. No individual trainee 
operated in both cohorts. The seniority of the trainee group was similar in both 
the pre- and post-training periods, with 19 procedures (55.9%) performed by 
junior trainees pre-training compared to 24 (64.9%) post-training (P=0.439).  
Procedure time 
Procedure times were faster for trainees during the post-training period. The 
median LLETZ procedure time significantly reduced from 18 minutes  (IQR 
11-24) for trainees in the pre-training period to 8 minutes (IQR 6-11) in the 
post-training period (P=<0.001)(Table 6).  
 
The duration of procedures performed by specialists was similar in the pre-
training and post-training periods. Specialists during the pre-training period 
performed LLETZ procedures in a median time of 9 minutes (IQR 6-15), 
compared to a median time of 8 minutes (IQR 5-13) post training (P=0.246).  
Figure 7 shows the distribution of procedural times pre and post-training. This 
demonstrates that trainees reduced their procedure time to be similar to that 
of specialists. There was no significant difference in procedure times between 
the trainees and specialists post-training (P=0.935). 
 
Table 6: LLETZ procedure outcomes prior to and following the implementation 
of LLETZ simulator training 
  
 LLETZ specimens from trainees LLETZ specimens from Trainees 
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specialists compared 
to 
specialist
s during 
post-
training 
period 
(P value) 
 
Pre 
training 
n=34 
(19 junior, 
15 senior) 
Post 
training 
group 
n=37 
(24 junior, 
13 senior) 
P 
Pre-
training 
period 
(n=34) 
Post-
training 
period 
(n=30) 
P 
Specimen quality n (%) n (%)  n (%) n (%)   
Non-fragmented 
All participants 
19 
(55.9%) 
33 
(89.2%) 0.002* 
28 
(82.4%) 
24 
(80.0%) 0.810 0.294 
Junior trainees 10 (52.6%) 
20 
(83.3%) 0.046*     
Senior trainees 9 (60%) 13 (100%) 0.018*     
Clear margins 13 (41.9%) 
26 
(72.2%) 0.012* 
14 
(46.7%) 
13 
(52%) 0.694 0.106 
Junior trainees 6 (35.3%) 17 (73.9%) 0.015*     
Senior trainees 7 (50%) 9 (69.2%) 0.440     
Adequate depth 23 (67.7%) 
26 
(70.3%) 0.811 
20 
(58.8%) 
24 
(80.0%) 0.068 0.363 
Junior trainees 10 (52.6%) 
16 
(66.7%) 0.350     
Senior trainees 13 (86.7%) 
10 
(76.9%) 0.639     
All criteria 7 (20.6%) 17 (46.0%) 0.024* 
7 
(21.9%) 
8 
(30.8%) 0.442 0.225 
Junior trainees 2 (10.5%) 10 (41.7%) 0.039*     
Senior trainees 5 (33.3%) 7 (53.8%) 0.445     
Procedure time† 18 (11-24) 8 (6-11) <0.001* 9 (6-15) 8 (5-13) 0.246 0.935 
Junior trainees 23 (16-26) 9 (7-12.5) <0.001*     
Senior trainees 13 (8-18) 6 (4-8) 0.013*     
*P<0.05 
† median (IQR) 
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Figure 7: LLETZ procedure operative time for specialists and trainees in the 
pre-training and post-training groups 
Specimen outcomes 
Analysis of the specimens from LLETZ procedures performed post-training 
demonstrated a higher frequency of specimens that were non-fragmented 
(89.2% versus 55.9%, P=0.002), had clear margins (72.2% versus 41.9%, 
P=0.012) and met “all criteria” (46% versus 20.6%, P=0.024) than those in the 
pre-training group (see Table 6 and Figure 8). There was no significant 
difference in the frequency of achieving adequate depth between the pre- and 
post-training periods (70.3% versus 67.7%, P=0.811). Specialist-performed 
LLETZ specimens from the same periods showed no significant difference in 
any of the specimen outcomes. For specialists, 80% of specimens were non-
fragmented (versus 82.4% during the pre-training period, P=0.81), 52% had 
clear margins (versus 47% pre-training, P=0.69), 80% achieved adequate 
depth (versus 58%, P=0.07) and 31% met all criteria (versus 22%, P=0.44).  
 
Trainees and specialists achieved similar performance for specimen 
outcomes during the post-training period, with no significant difference in any 
outcome measure. 
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 Figure 8: Trainee LLETZ specimen outcomes during the pre-training and 
post-training periods (frequency achieved and standard error) 
 
Feedback from trainees 
The feedback survey was completed by six of the ten trainees who had 
experienced the LLETZ simulator training. All respondents confirmed they 
used the trainer, with most trainees completing the LLETZ training more than 
50% of the time, but only one trainee used the simulator on every occasion. 
Five out of the six respondents reported that time constraints were a barrier to 
completing the training. Most trainees felt that the simulator was (highly or 
very highly) realistic (four of six trainees) and beneficial to their skills (five of 
six trainees). The participants did not feel the simulator was convenient, with 
four of the six participants feeling it was only minimally or moderately 
convenient to use (see Figure 9). Participants responded favourably towards 
recommending that other hospitals should use a LLETZ simulator for training.  
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Figure 9: Participant ratings of the LLETZ simulator program 
 
Trainees reported in free response text that they liked the ability to “practice” 
before surgery (three trainees). They also felt the simulation was realistic, 
describing it as “very realistic”, “life like simulation”, “felt more real” and “good 
fidelity”. Trainees felt supervision and/or motivation from senior faculty staff 
was an important enabler (five trainees).  In agreement with rating scale data, 
trainees disliked having to set up the trainer (four trainees) and found a lack of 
time prevented them from using it more (four trainees). Participants reported 
some individualised benefits of the simulation training such as “could practice 
keeping tremor at bay” and “appreciation for loss of depth perception”.  
5.4. Discussion 
This study demonstrated that clinical outcomes in LLETZ procedures 
improved following the introduction of LLETZ simulator training. Trainees in 
the post-training group demonstrated superior performance to the pre-training 
group. For the time period following the implementation of the simulation 
program, procedure times were shorter and more LLETZ specimens were 
non-fragmented, had clear margins and met all criteria. Trainee performance 
was similar to that of specialist clinicians during the post-training period. 
Participants had mostly favourable opinions of the simulator’s realism and its 
usefulness for training, and perceived a benefit from training. These findings 
provide an additional source of validity evidence for the use of the low-fidelity 
simulator and suggest the simulator is effective for training. Unfortunately, 
trainees found time constrains prevented more frequent use and did not find 
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the simulator convenient. This potentially impacts on the acceptability of the 
training to trainees. 
 
No studies have been previously performed to review LLETZ outcomes in 
patients following simulation training. This study examined LLETZ specimen 
depth, fragmentation and margin status; representatives of potentially 
important health care outcomes. Fragmentation can cause difficulties in 
histological examination and has been associated with persistence of high-
grade disease.201 The UK NHS Cervical Screening Program Guidelines 
recommend that at least 80% of specimens should be removed as a single 
piece as a good practice point.202 Specialists in this study achieved this 
recommendation. Trainees only achieved this during the post-training period. 
The Australian Cervical Screening Program Guidelines highlight issues with 
LLETZ technique causing fragmented specimens203, indicating the need for 
improved training.204  
 
Recurrent cervical dysplasia has been associated with inadequate depth 
excisions.205 The UK Guideline recommends an excision depth of at least 
7mm due to the depth of crypt involvement of CIN.202 The recommended 
target (that 95% of LLETZ specimens achieve this depth)202 was not achieved 
by any group in our study. This suggests an area for further skill development 
and a potential role for simulation training for clinicians of all levels of 
experience.  
 
Clear margins are recommended, as the presence of CIN at margins is 
associated with recurrent disease.206 Arguably, this may be the most 
important indicator of specimen adequacy as non-fragmentation and 
satisfactory depth are measures to ensure complete disease resection. A 
higher proportion of trainees obtained clear margins in the post-training 
period. This was the highest relative improvement of any of the three 
individual outcomes, with the rate of clear margins increasing from 40% to 
70%. This result could reduce the risk of recurrent disease in these patients.  
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Operating times were shorter for trainees in the post-training period. The 
median operative time for trainees post-training was comparable to that of 
their senior colleagues (specialists). There is controversy in using operative 
time in isolation as a performance measure, due to the potential for clinicians 
to operate quickly, but with poor technique, respect for tissue or not 
completing critical steps.29, 61, 76, 159 In this study however, the shorter 
operative time was demonstrated alongside improvements in specimen 
outcomes. This finding is a reassurance that faster procedure times were not 
at the expense of operative skill. A reduction in operative time could justify the 
time investment required for simulation, by reducing the duration of any 
discomfort for the (awake) patient and improving operating theatre efficiency. 
 
As previously described, implementation of simulation programs has not 
occurred as rapidly as the evidence to suggest benefit.12, 64, 121 This study 
revealed barriers to the use of simulation, despite demonstrating performance 
improvements coinciding with training. Known barriers to simulation include 
perceptions about the role of simulation, lack of time, supervision and access 
to equipment.119, 124, 195 The advantage of LLETZ simulators95-99, 185, 207 is that 
they are typically constructed of readily accessible equipment for little cost, 
reducing the barrier to simulator access. Supervision was provided and 
trainees highlighted this as an important enabler of training. Supervision by a 
senior colleague allows the provision of feedback; a key component of 
successful simulation curricula.117 Whilst trainees were positive about the 
benefit of simulation, they also felt that time constraints and the inconvenience 
of equipment set up were barriers to using the simulator. Program structure 
was restricted by the service priorities of the study institution, faculty rostering 
and staffing. Despite trainee perceptions of time constraints, there was a 
reduction in operating times during the post-training period. Protected training 
time for a simulation program may be justified by this time saving. Reinforcing 
this finding to relevant staff may alter the perception around time constraints.  
 
This study is limited by the retrospective review of performance. A 
randomised design was not feasible due to the small numbers of trainees at 
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the single institution. The ethical implications of withholding additional training 
one group were also considered and ultimately the faculty chose to implement 
training for all trainees. A multi-centre prospective study would be ideal to 
confirm if the findings of his study were related to the simulation training and 
not confounding influences such as a difference in trainee skill between the 
groups. The seniority of trainees was similar in the pre-training and post-
training groups. Procedure outcomes for junior trainees appeared to improve 
more following training than senior trainees (Table 6). The lack of difference in 
the outcomes of clear margins and all criteria for senior trainees may be 
explained by small numbers precluding statistical significance or could signal 
a greater training effect for junior operators. Senior trainees did however have 
significant improvements in non-fragmentation and operative time, reinforcing 
the potential value of simulation regardless of seniority.  
 
The twelve-month washout period between the pre-training and post-training 
times may have allowed for system changes to influence outcomes (such as 
improved theatre efficiencies influencing operating time). The washout period 
was warranted to exclude the influence of some trainees receiving access to 
simulation occurring during that time (for the purpose of the previous study to 
evaluate the simulator). The pre-training group did not have access to any 
LLETZ simulator training, but received the same supervision conditions in real 
operations as the post-training group. Specialists had no significant 
improvements in outcomes when the two time periods were compared, 
therefore suggesting the improvements seen in the trainee group are related 
to the simulation rather than system changes. Further assessment would be 
helpful to correlate the specimen outcomes reported in this study with longer-
term patient outcomes such as disease persistence or progression.  
 
When evaluating the acceptability of this program, few participants (six out of 
ten) completed the program evaluation. Participation was voluntary and 
occurred following the twelve-month period evaluated, which may have 
reduced the participation in the survey. The nature of gynaecology trainees 
means that trainees frequently move clinical rotations (within the department) 
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to work in other areas. Trainees also take recreational or maternity leave, as 
well as move to other hospitals, meaning they are frequently lost to follow up 
in such program evaluations. This issue was not resolvable in the study and 
as such, the small number of participants limits the feedback data. Despite 
this, the responses were consistent across the participating trainees, with 
reasonable agreement in responses to indicate the strengths and weaknesses 
(and barriers and enablers to training) of the program.  
 
5.5. Summary of the use of low-fidelity simulation for LLETZ 
procedures 
This study provided evidence for both the efficacy and acceptability of the 
implementation of the low-fidelity simulator for training LLETZ procedures (a 
non-laparoscopic procedure). Trainees who were exposed to simulation 
training demonstrated superior specimen outcomes and faster procedure 
times than trainees prior to the introduction of training. This suggests the 
simulation training, potentially through the influence of warm-up, was effective 
in improving surgical skill. The improved clinical performance measures could 
have important patient-related benefits by reducing the risk of disease 
recurrence. Furthermore, faster operating times are likely to reduce patient 
discomfort and signal important efficiency benefits for the health service.  
 
The simulator used in the program was tested (Chapter 4) and demonstrated 
to allow skilled performance corresponding to levels of clinician experience. 
Further evidence for the validity of the simulator was demonstrated through 
the results of this study where a relationship between training using the 
simulator and improved operative performance was found. These results 
suggest that the low-fidelity simulator is effective in training the skills relevant 
to the real procedure.  
 
The simulation training appeared acceptable to trainees, who reported 
favourably on the perceived benefit of the training to their skills and 
subsequent benefit to their patients. Trainees reported they liked being able to 
practice prior to the procedures and some identified individual needs-specific 
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benefits. These results are consistent with the previous validation study where 
trainees provided positive evaluations of the low-fidelity simulator to replicate 
the feel and set up of a live LLETZ procedure. These results suggest that the 
low-fidelity simulator is acceptable to trainees for the purpose of skill 
development.    
 
The least favourable aspect of trainee feedback related to the convenience of 
using the simulator. In line with previous studies, trainees reported through 
both survey item and open-ended responses that a lack of time was a 
significant barrier to training. These issues could impact on the overall 
acceptability of program implementation and the full potential for this training 
may not be reached. Therefore further research into optimal simulation 
program delivery would be ideal.  
 
The LLETZ program was implemented by the training institution to be run 
prior to usual operating lists. Despite the apparent provision of time, 
supervision and facilitation of this training, the trainees still reported barriers to 
use. This suggests there are underlying factors impacting on clinicians, 
affecting their capacity to preserve this time for training or prioritise training 
amongst competing clinical duties. The study was grounded in the post-
positivist approach and applied mixed methods to gather evidence for 
simulator acceptability in both quantitative and qualitative forms. While this 
stance was beneficial for exploring simulator efficacy and simulator 
acceptability in terms of realism and performance, there may be additional 
social and cultural factors that influenced behaviour that were not revealed 
using this methodology.  
 
As previously outlined, there are a number of known barriers to simulation 
including equipment and faculty availability, budget constraints, a demand for 
rigorous testing, limits to simulator realism, lack of motivation and resistance 
to change from traditional surgical teaching.11, 64, 119, 120, 123 In-depth 
exploration of the attitudes towards simulation or acceptable delivery of 
programs is limited.120 In order to understand optimal delivery of low-fidelity 
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simulation, further research into curricula integration was planned. Challenges 
to further exploration of LLETZ program participants included the small 
number of trainees providing feedback and restrictions on program structure 
due to service priorities, faculty rostering and staffing (at the study institution, 
only around half of trainees are assigned to operating lists containing LLETZ 
procedures). Program structure was unfortunately inflexible due to these 
issues and opportunity for testing alternative program design was restricted by 
the competing rostering and service demands of the department.  
 
Suspecting similar barriers would exist when attempting to implement a low-
fidelity laparoscopic simulation-training program, in terms of time and training 
convenience, an alternative program design was explored. The following 
research in this thesis will investigate the implementation of this laparoscopic 
simulation training, analysing the efficacy and acceptability of a portable 
simulator strategy. This additional research takes the constructivist stance 
that realities are subjective, and socially and experientially based, with a 
desire for a deeper understanding of social and cultural influences on 
behaviour.131, 142   
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6. LAPAROSCOPIC LOW-FIDELITY SIMULATION: A PORTABLE LOW-
FIDELITY SIMULATOR PROGRAM  
6.1. Introduction 
Preceding studies in this thesis provide support for the efficacy of low-fidelity 
simulation. Acceptability seems supported by trainees in terms of positive 
attitudes towards simulation, but issues with time and convenience of 
simulation training appear to impact on engagement. The prior research also 
revealed that despite apparent provision of time for training, trainees still 
found simulation to be inconvenient and were limited by time to participate. 
Challenges to addressing these issues in the LLETZ program included a small 
number of participants from which to pursue a deeper understanding of 
program acceptability and a limited ability to alter program structure due to 
faculty rostering and staffing constraints. Therefore to complement this 
research and provide breadth to the evidence for the acceptability and 
efficacy of low-fidelity simulation for gynaecology training, studies were also 
performed in laparoscopic surgery simulation. Using this approach, it was 
possible to consider broader aspects of curricula design in a larger group of 
trainees and attempt to optimise delivery.   
 
Low-fidelity laparoscopic simulators have been shown across surgical fields to 
be associated with skill acquisition in trainees.70, 71, 208, 209 Despite the 
evidence for the use of simulators, curriculum development research is 
progressing more slowly119, 127 and implementation remains challenging.125, 210 
Simulation should be delivered in a manner that complements existing 
educational activities and clinical experience.211 Further evidence for effective 
and acceptable methods of simulation delivery is required in order to facilitate 
the training benefits in surgical skill development.  
Simulation curricula design 
There is some agreement among simulation experts on the potentially 
important components of simulation curricula117, 121, 127, 212, using information 
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derived from learning theory and individual simulation studies. Deliberate 
practice and distributed practice appear to be important for skill development 
and should form part of a curriculum.125, 127, 212 Tasks should be of increasing 
difficulty117, 127 and training should be proficiency-based.121, 127, 161, 212 
Unfortunately there is little evidence to inform the ideal duration and frequency 
of practice.127 Practice requires trainee motivation and this can result from 
internal or external forces.127 Cognitive components to training and effective 
instruction, including video-based instruction, are important to include in 
curricula.127, 212 Feedback is an important component of successful training117, 
121, 125, 127, 212 and there is evidence for a benefit of summary feedback over 
concurrent feedback213, as well as expert feedback as opposed to motion-
efficiency feedback.214 Therefore adequate simulation equipment and 
personnel are necessary to support curricula implementation.127 These 
identified features of simulation curricula are broad strategies and there is no 
formula for the practical application of simulation. How best to implement 
simulation in a curriculum remains one of the highest research priorities.129  
 
There are examples of existing simulation-based programs in the literature. A 
prominent example of a surgical simulation program is the Fundamentals of 
Laparoscopic Surgery (FLS) curriculum.111 The FLS comprises of a 
knowledge-based exam and practical assessment of basic laparoscopic 
skills.215 This program uses low-fidelity box trainers to train surgical residents 
in five non-specialty specific laparoscopic tasks (peg transfer, cutting, ligation, 
intracorporeal and extracorporeal suturing). The curriculum involves 
proficiency-based training with instruction via video demonstrations. 
Performance targets were set through the evaluation of expert surgeons.161 
The FLS has been widely studied111-114 to demonstrate validity and establish 
benchmark levels of performance.118 The FLS program has been shown to 
reflect gynaecologist surgical experience in the manual test, but not for the 
cognitive component.114 Since 2009 the American Board of Surgery has 
required that practicing surgeons must have completed the FLS prior to 
seeking board certification.215 The program has been successful, likely due to 
this requirement being part of surgical board accreditation.216 The 
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implementation of the FLS is associated with significant cost, has required 
national board and industry support and necessitates testing centres 
throughout the United States (US) and internationally.217, 218 These are likely 
to be significant barriers to a similar program locally. Even within the US (with 
the established requirement for demonstrating simulation skills) similar 
curriculums faced challenges. The American College of Surgeons (ACS) and 
the Association of Program Directors in Surgery (APDS) National Skills 
Curriculum 219, which includes some of the FLS tasks, was (only partially) 
implemented by less than half of departments.119 It is important to understand 
the potential barriers to the use of simulation within such curricula, in order to 
plan local programs.  
Barriers to training 
The existence of a curriculum does not automatically translate into successful 
implementation in surgical training.119 The aforementioned US study of a 
national simulation program revealed only 41% of surgical departments had 
even partially implemented their program.119 Lack of protected time, lack of 
faculty incentives or training, prohibitive cost, or a low perceived need for 
training were identified as barriers to training.119 It was found that successful 
programs had dedicated simulation personnel and staff participation, 
protected time for residents to train and support of senior administrative 
staff.119 Other studies have confirmed a lack of time4, 120, 124, 126, 128 and issues 
with access to simulation120, 124, 220 to be barriers to training.  
Programs using portable laparoscopic simulators 
Considering that a lack of time and access to equipment can lead to poor 
engagement in simulation programs, take-home trainers have been 
suggested as a method to overcome these barriers.122 A number of studies 
have been identified in the literature of portable laparoscopic training, 
however the studies vary greatly in terms of the environment in which take-
home trainers were used. Research published in abstract form only221-228 did 
not provide detail on curriculum design, intervention methodology or 
outcomes in detail sufficient to appraise the relevance of their findings or 
guide implementation locally. Some appeared to include take-home trainers 
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as part of established simulation training programs, making the impact of the 
take-home component less clear.221, 222  
 
A number of papers identified were limited in relevance to the research aims 
of this thesis. Two papers were studies of only medical students229, 230; a 
population vastly different to the target group of this thesis as they are likely to 
have significantly different study/work schedules, laparoscopic experience 
and attitudes, rendering comparisons to specialist trainees limited. A 2006 
study of 26 medical students showed that both home-trained and in-facility 
trained students improved their laparoscopic skills with no significant 
differences between the groups.229 Unfortunately the curriculum was not 
described, further limiting the application of this study.  A 2012 study of 29 
medical students compared three weeks of home training in basic 
laparoscopic tasks versus one hour per week proctored training sessions for 
three weeks. Both groups of students improved their skills compared to 
baseline, but the proctored (non-home-training) group improved to a greater 
extent than the home-trained group.230 This demonstrates that while 
simulators can improve skill in either setting, there may be additional value in 
training (for medical students) in the education or work setting with 
supervision and feedback.  
 
Nine studies160, 216, 231-237 appeared to be relevant to the use of home-
simulators for surgical trainees and were appraised in further detail. These 
studies were published between 2006 and 2017 and involved doctors in the 
UK (one study), Ireland (one study), the Netherlands (one study), Denmark 
(one study) and the US (five studies). Training curriculums ranged from four 
weeks to six months in duration.  
 
Four of the studies performed in the US utilised the FLS curriculum tasks (or 
portions) in their programs. Three of these studies performed post-training 
skill-based assessments, demonstrating that take-home training participants 
appeared to improve their skills in most tasks233 when evaluated pre- and 
post-training, and were comparable to sim-centre-based trainees.216, 236 From 
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these studies it appeared that in the context of an FLS program, the use of 
take-home training was associated with skill acquisition, at least to a similar 
extent as simulation-centre training. These findings provide support for the 
potentially more flexible approach of take-home training. However, the context 
must be heavily considered in these findings. The participants were mostly 
junior surgical-specialty residents with limited surgical experience, increasing 
the potential for skill gains and limiting the generalizability of the results to all 
levels of training. These US trainees would have been required to pass the 
FLS in order to progress to board certification. This likely provided a 
significant motivator to train at home, which may not have otherwise occurred. 
Indeed, Korndorffer et al acknowledged “the home training in this study was 
successful because the subjects were motivated to develop the skill set. All 
subjects were aware that passing the FLS certification is required to take the 
qualifying examination of the American Board of Surgery”.216 In these US 
studies, some trainees were allocated home-based training as part of a 
compulsory simulation program216 or as an adjunct to significant (four hours 
per week) protected training time in a simulation skills laboratory.235 Within 
mixed-training curriculums, it is difficult to measure the benefit of the take-
home component as skill improvements seen could have resulted from the in-
hours training. In a country where there are established simulation programs 
and mandatory simulation-based competency assessments, there likely exists 
a different culture of acceptance of simulation compared to countries where 
simulation is less integrated in surgical training.120 These conditions of 
compulsory training, protected time, required competency assessment and an 
ingrained culture of simulation, are likely to be strong incentives to training, 
regardless of the modality. It is unclear from these studies if there is a role for 
take-home trainers in other surgical training settings without such conditions.  
 
An additional US study was performed in 2008 and evaluated 19 O&G 
residents performing gynaecology-related laparoscopic skills in take-home 
trainers.232 Participants were assessed at baseline, and then randomized to 
home training (encouraged one hour practice per week and given logbooks) 
or no additional training for ten weeks before re-assessment. Participants in 
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the take-home training group were found to improve their times to complete 
two out of the four assessed tasks, while the control group showed no 
improvement. The assessed tasks appeared locally designed and therefore it 
is unclear to what extent using them for assessment is accurately measuring 
laparoscopic skill. Interestingly, they did not compare the post-training scores 
between the intervention and control groups, leaving the reader unaware if 
there was any significant difference in the post-program skill of the groups.  
 
A study in UK in 2006 of ten urology residents evaluated intracorporeal 
laparoscopic suturing following a one-hour training session.231 The 
participants were assigned to take-home training for 4 weeks or no further 
training. The participants in the take-home training group improved their mean 
suture times and were significantly faster than the control group post-training. 
Article appraisal revealed that participants in the study appeared junior in 
experience, with only two of the four participants in the take-home training 
group having ever performed simple laparoscopies under supervision before. 
Potentially the skill development gained may not have occurred in more senior 
trainees.  Also, given the small numbers, the use of means and t-tests in the 
statistical methodology of this study to compare the times between groups is 
questionable. In this study, and others that reported outcomes versus no 
training226, 232, it is unsurprising to see a benefit over no training. A finding that 
some training is better than no training does not necessarily establish the 
value of the at-home program.238, 239 
 
In 2012 Chummun et al performed a study involving 13 O&G consultants and 
registrars in Ireland.160 As part of a six-month laparoscopic skills course at the 
National Clinical Skills Centre (NCSC) participants were provided with a take-
home box trainer and encouraged to practice for one hour each day. 
Participants performed baseline assessments in simulated tasks and attended 
the NCSC once a month to be taught new techniques and exercises. Post-
course reassessment demonstrated no significant improvement in locating 
and coordinating skills or change in hand dominance. Significant 
improvements were seen in some measures of tissue manipulation and object 
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positioning skills.  There was no evaluation of engagement with the take-
home component of the course such as practice logs. It is not clear whether 
the performance improvements seen in the study were as a result of the take-
home training or the in-person laparoscopic course.  
 
A study of the use of take-home laparoscopic trainers following a one-day 
suturing course failed to show any improvements in laparoscopic suturing 
performance after six weeks of autonomous training.240 Participants were 40 
surgical residents and they were measured for both confidence and objective 
performance in laparoscopic knot-tying before the course, immediately 
following the course and after six weeks of take-home trainer use. The 
participants all improved their scores following the course, but while their 
confidence continued to improve following the take-home trainer use, their 
performance did not. This finding may suggest a plateau of performance was 
achieved on the initial training day, a failure of engagement with the take-
home training component or a failure of the provided simulation curriculum to 
adequately lead to skill progression. The authors concluded the lack of 
improvement was due to a lack of motivation to practice. They proposed the 
acquisition of the skill was perceived to be of low importance to the trainees 
and felt the low reported amount of practice by the trainees at home (a mean 
of only seven hours in six weeks) was evidence of poor engagement. It 
appears that the provision of take-home trainers, without sufficient participant 
motivation, may fail to engage trainees to practice and develop skill. In a 
follow-up study of trainees234 the authors advised future programs should 
feature integrated curricula, teaching, protected time and goal-directed 
objectively-assessed skills. Zapf et al similarly found that personal possession 
of portable simulators after their study did not results in voluntary long-term 
practice235, providing further support for the need for considered curricula 
design to enhance trainee engagement.  
 
A recent Danish study, published in 2017, implemented take-home trainers as 
part of a basic laparoscopic course for first year surgical trainees at the 
Copenhagen Academy for Medical Education and Simulation.237 The course 
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involves two formalised days and a period of self-directed training on both box 
trainers and virtual reality trainers to reach set proficiencies on nominated 
tasks. Half of participants during a study period were offered take-home 
trainers in addition to the regular self-directed simulation centre training. The 
study identified that participants had an individualised approach to training, 
and they varied in the time spent practicing at home and in their use of off-site 
versus on-site training. Participants felt feedback was an important feature of 
simulation training that was lacking in the off-site component. The participants 
also identified that simulation course testing was the main driver for training. It 
is important to note that Denmark also has compulsory simulation training and 
credentialing requirements for all physicians in Copenhagen241, 242 and has 
introduced a curriculum for gynaecology trainees125. 
 
The implementation of take-home simulators is challenging.237 From reviewing 
the studies evaluating the use of take-home laparoscopic trainers, it appears 
these trainers are likely to foster skill development if participants are 
motivated to use them. However, as seen in the literature review, most 
existing studies were performed in the setting of well-established simulation 
programs and where compulsory simulation credentialing is a strong motivator 
to training, whether it occurs at home or elsewhere. It is unclear from the 
literature whether trainees would be motivated to use take-home simulators in 
an environment without associated mandatory simulation credentialing. 
Without trainee acceptance of such training, there is unlikely to be 
engagement in practice in the absence of a mandate, as demonstrated by the 
studies that reviewed more voluntary practice. Without practice, effective skill 
development cannot be expected in line with the literature. In considering the 
use of take-home simulators in Australia, no studies have been performed 
previously and it is unclear whether Australian trainees would find this method 
acceptable, engage in practice and effectively improve laparoscopic skills.  
 
There is little consistency of program curricula when reviewing the literature 
using take-home trainers. Training programs ran from four weeks to six 
months and included a range of tasks and outcome measures. Many studies 
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provided little detail regarding whether there was a set program for trainees to 
follow, or to what extent they received any guidance, supervision or feedback. 
Whilst some programs encouraged an amount of training time, it was often 
not clear whether participants were given set goals to achieve. The most 
frequently used training method was to follow tasks from the FLS program. 
The FLS tasks are few in number and provide limited variety for participants. 
Ligating loops (task 3 of the 5 tasks; typically used for appendicectomy in 
general surgery) and extracorporeal sutures (task 5) are rarely used in 
modern gynaecology laparoscopic procedures, so may be irrelevant to this 
population. More research is important to develop, implement and evaluate 
training curricula for laparoscopic simulation programs in Australia  
 
Overall there is no current evidence that take-home box trainers are effective 
or acceptable for gynaecology trainees in Australia. As low-fidelity box trainers 
have been frequently shown in the research setting to improve surgical 
performance they should be effective in training skills, yet it is unknown 
whether they will be when applied pragmatically in a training curriculum. Nor 
is it known whether such training will be acceptable to trainees, ultimately 
leading to the engagement in practice required to effect skill development. It is 
clear that research is required to evaluate the efficacy and acceptability of this 
method of simulation training in gynaecology.  
 
Developing a take-home laparoscopic simulator program 
A review of the literature identified the potential benefits for take-home 
simulators to overcome insufficient time and access to equipment, which are 
major barriers to participation in simulation training. Take-home simulators 
appear to be used as one part of established simulation programs in the 
literature, or in the context of mandatory simulation training or credentialing. In 
Australia, such conditions do not exist for gynaecology trainees, as identified 
in the first study in this thesis.195 Therefore the approach taken was to identify 
curricula features associated with success, as reviewed previously (section 
6.1: Simulation curricula design), combining education theory and research 
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evidence to design a simulation program that will be acceptable to trainees 
and lead to effective simulation training.  
 
The program was designed using an evidence-based approach. It promoted 
deliberate practice and distributed practice125, 127, 212 in tasks of increasing 
difficulty117, 127, with set proficiency-based levels of achievement121, 127, 161, 212 
and feedback117, 121, 125, 127, 212. Previous studies have recognised the lack of 
feedback in take-home training to be a limitation of this method.122, 237 This 
program used video-based instruction as well as information (such as 
instrument tracking) from the simulator itself and task outcomes to provide 
objective feedback, as well as summary expert feedback213, 214 for half the 
participants to explore the role of additional supervision. Feedback was 
provided remotely, which has been shown to successfully facilitate training.243 
 
The take-home box trainer curriculum was implemented for gynaecology 
trainees in a tertiary gynaecology hospital in Brisbane, Australia. The aim of 
the study was to evaluate the effectiveness of the training by investigating 
laparoscopic skills in simulated tasks following participation in the program. 
Later in this thesis, the acceptability of the program to trainees will be 
explored.  
 
6.2. Method 
A mixed methods study was undertaken at the study institution (a tertiary 
hospital with gynaecology services) in 2015 and 2016. In 2015, a pilot 
program was run over a ten-week period. Participants in the pilot program 
provided feedback that a weekly-schedule of tasks was too little time for 
trainees to find the time to practice. Therefore modifications were made for a 
longer program in 2016, which ran over eight months with monthly tasks.  
Participants 
All trainees in gynaecology at the training institution were invited to participate 
in the study. Trainees included clinicians of varying laparoscopic experience 
from all levels of the RANZCOG training program and unaccredited trainees. 
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All trainees participating in the study were of a level where operating or 
assisting in laparoscopic surgery would be a reasonable part of their normal 
duty requirements. Participation was voluntary and all participants provided 
written consent.  
 
Supervision: 
Half of the participants were randomly assigned a supervisor for the duration 
of the program. This element of the study design was included to investigate 
the role of indirect supervision, with one study demonstrating remote 
facilitation of training.243 Randomisation occurred through the issuing of 
identical portable hard drives in identical unlabelled envelopes containing the 
program instructions and supervisor allocation as participants presented to 
collect their equipment. Supervisors were laparoscopic gynaecology surgeons 
at the study institution. Participants who received supervisor allocation 
(“supervisor group”) were encouraged to email a video of their performance of 
each training task to their supervisor. Supervisors reviewed the videos (of 
usually less than three minutes duration) and provided written feedback and 
encouragement regarding technique enhancement via email. The control 
group (“no supervisor group”) did not receive any direct supervision of their 
training during the program. Feedback, which is an important part of 
successful programs117, 121, 125, 127, 212, was provided to all trainees via self-
assessment against task proficiency goals and instrument tracking software.  
Program features 
Participants were supplied with a take-home portable laparoscopic box trainer 
(eoSim ProTrac model), which had established evidence for validity.152 This 
trainer was chosen due to favourable cost (see Appendix 7) and instrument 
tracking software. Trainees were provided with the associated surgical 
instruments and software (and instrument tracking capability), a set of tasks 
with instructional videos and target performance levels (provided by eoSim).  
 
Logbooks have been suggested to incentivise practice.216, 234 Participants 
were issued logbooks and instructed to record every training session, 
regardless of the duration. 
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Use of the equipment was demonstrated in an induction session to familiarise 
participants to the trainers.  Following this induction, training was mostly self-
directed by the trainees, aside from weekly emails to remind participants of 
each training task throughout the program.  
 
The 2015 program consisted of ten weekly laparoscopic tasks. The tasks 
included: thread transfer, precision cutting, paper clip untangle, dice stacking, 
paper fold, glove tip capping, precision suture placement, thread pull, 
horizontal suture, intracorporeal suture and tie. 
 
Participants in the 2015 program reported that there was not enough time to 
complete each training task. Therefore, the program was reduced to eight 
tasks, with one task allocated per month rather than weekly. Precision cutting 
and precision suture placement were removed due to similarity to other 
program tasks. A summary of the program features is provided in Table 7. 
 
Table 7: Comparison of box trainer program features in 2015 and 2016 
 2015 2016 
Participants All gynaecology trainees (17) All gynaecology trainees (16) 
Intervention 
instrument 
eoSim ProTrac192 portable 
laparoscopic trainer, instruction 
manual and demonstration videos 
eoSim ProTrac192 portable 
laparoscopic trainer, instruction 
manual and demonstration videos 
Number of 
tasks 
10 8 
Task 
frequency 
Weekly Monthly 
Supervision 
of 
participants 
All received reminder emails for each 
task 
Half randomly allocated supervisor 
All received reminder emails for each 
task 
Half randomly allocated supervisor 
Outcomes • Time to complete box trainer thread 
transfer 
• Time to complete VR tubal ligation 
task 
• Number of bleeding incidents in VR 
tubal ligation 
 
• Time to complete box trainer thread 
transfer 
• Time to complete VR tubal ligation 
and oophorectomy tasks 
• Number of bleeding incidents in VR 
tubal ligation and oophorectomy 
Other 
measures 
Trainee logged practice time Trainee logged practice time 
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Outcome measures 
The efficacy of the training was evaluated using trainee performance on the 
low-fidelity box trainer as well as a VR simulator. VR tasks were included as 
outcome measures as testing on the box trainer alone may measure 
familiarity with equipment. Testing using VR simulation has been proposed as 
a more reliable method for assessing laparoscopic skill development.160  
 
Laparoscopic performance was assessed with each participant completing a 
box trainer thread transfer task (video recorded by participants) and a VR 
bilateral tubal ligation at the beginning and end of each year’s program. VR 
bilateral oophorectomy performance was also evaluated for participants in the 
2016 group to allow a secondary measure of performance to support or 
oppose performance improvements in a single VR task. Individual 
participant’s performance was determined by the time to complete each task 
(in seconds), as well as a measure of error rate using bleeding incidents for 
VR tasks. Including a measure of error rates can provide supporting evidence 
for increased skill as opposed to using time alone, where faster performance 
may occur due to poor technique, respect for tissue or bypassing required 
steps.61  
 
The amount of logged practice time was recorded both to measure trainee 
engagement and allow an analysis of performance related to the amount of 
training. 
 
Results at baseline were compared to post-program, as well as comparing 
performance outcomes and logged practice time between those in the 
supervisor group versus those in the no-supervisor group.   
Statistical analysis 
Stata software was used for the analysis. Only participants who completed 
both baseline and post-training assessments were included for each outcome 
analysis.  Paired and unpaired t-tests were used for normally distributed 
paired and un-paired data. Wilcoxon matched pairs signed-ranks tests or 
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Mann-Whitney U tests were used for paired and unpaired, non-normally 
distributed data.  
 
Performance outcomes were evaluated in relation to logged practice time, 
with participants grouped in terms of those who recorded more or less than 
ten hours of training time. For these performance assessments, the 
improvement in time taken to complete the thread transfer and VR tubal 
ligation tasks was used (as a percentage of the baseline time). A further 
subgroup analysis was completed to evaluate any relationship of performance 
to trainee seniority. Trainees were grouped according to early (unaccredited, 
years one and two), middle (years three and four) and late (years five and six) 
stages of training. Median improved times (as a percentage of baseline) and 
bleeding incidents were evaluated by Kruskal-Wallis across trainee levels. 
P<0.05 was considered significant.  
 
6.3. Results 
Overall, there were 33 participants over the two years of the study. The 
training level of the participants is listed in Table 8 and there was 
representation from participants of all trainee levels in both years of the 
program.   
 
Table 8: Trainee cohorts experience level 
Level 2015 2016 
Non-training registrar 3 3 
Trainee year 1 2 2 
Trainee year 2 2 2 
Trainee year 3 5 3 
Trainee year 4 2 2 
Trainee year 5 1 2 
Trainee year 6 2 2 
Total 17 16 
 
Table 9: Performance outcomes and logbook practice times for participants in 
the two years of the box trainer program 
Task Year Number All Participants 
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of 
Particip-
ants^ 
Baseline 
Median 
(IQR) 
Post training 
Median 
(IQR) 
P-
value 
Thread transfer 
(seconds) 
2016 5 39 (33-48) 44 (27-46) 0.999 
2015 8 54 (38-64) 52 (43-65) 0.778 
Combined 13 44 (38-56) 46 (42-55) 0.806 
Tubal Ligation 
time (seconds) 
 
2016 9 251 (81-510) 71 (54-87) 0.021* 
2015 11 124 (97-225) 91 (76-112) 0.041* 
Combined 20 126  
(86.5-273.5) 
79.5 (69-109) 0.002* 
Tubal ligation 
number of 
bleeding 
incidents 
2016 9 6 (6-8) 5 (3-7) 0.056 
2015 11 8 (5-10) 6 (4-8) 0.073 
Combined 20 7 (5.5-9.5) 6 (3.5-7.5) 0.010* 
Oophorectomy 
time (seconds) 
2016 8 891  
(545-1690) 
504  
(421-658) 
0.025* 
Oophorectomy 
number of 
bleeding 
incidents 
2016 8 36  
(31.5-39.5) 
31.5  
(24.5-35) 
0.160 
Logged practice 
during program 
(time in minutes) 
2016 10  248  
(135-610) 
 
2015 4 634  
(387-909.5) 
Combined 14 316  
(150-745) 
* significant P<0.05 
^ only participants who completed both baseline and post training 
assessments were included in each analysis 
2015 Study Cohort 
In 2015, participants demonstrated significantly improved time to complete the 
VR tubal ligation following the program (median time at baseline 124 seconds 
versus 91 seconds post-program, P=0.041) (Table 9). The number of 
bleeding incidents was lower, but the difference did not reach statistical 
significance (Figure 10). A non-significant reduction in thread transfer 
completion time was also found.  
2016 Study Cohort 
Analysis of data from the 2016 participants revealed a significant reduction in 
the time taken to complete the VR tubal ligation and to complete the VR 
bilateral oophorectomy. The reduction in the number of bleeding incidents in 
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both the tubal ligation and oophorectomy tasks did not reach statistical 
significance. There was no significant difference in thread transfer time. 
All participants 
Analysis of the two participant cohorts combined revealed an overall 
significant improvement in tubal ligation time and number of bleeding 
incidents (Table 9). No difference was found in the time to complete the 
thread transfer task. 
 
 
Figure 10: Performance outcome measures for participants in the 2015 and 
2016 box trainer programs 
Supervisor allocation 
When training outcomes were analysed by supervisor allocation, no 
significant differences were found in performances between participants in the 
supervisor and no supervisor groups (Table 10).  
 
Table 10: Box trainer program performance outcomes and logged 
practice time according to supervisor allocation 
Task^ 
 
Supervisor 
Median  
(IQR) 
No Supervisor 
Median 
(IQR) 
P-
value 
Performance Improvement (scores at baseline minus post-training) 
Thread transfer (seconds) 0 (-4 – 3) 4 (0 – 4) 0.378 
Tubal Ligation time (seconds) -6 (-14 – 57) 95 (33-201) 0.087 
Tubal ligation number of 
bleeding incidents 
3 (1-4) 1 (0-4) 0.515 
Oophorectomy time (seconds) 256.5 (226-1223) 467.5 (-0.5 – 0.564 
113 
 
1047) 
Oophorectomy number of 
bleeding incidents 
6.5 (-5 – 26) 6.5 (1-10.5) 0.999 
Training Time (logged practice minutes) 
2016 248 (135-342) 447.5 (129-880.5) 0.522 
2015 484 (290-1035) 784 (784-784) 0.655 
Combined 290 (226-484) 745 (150-784) 0.549 
IQR = inter quartile range 
^Combined years 2015 and 2016 data 
 
Logged practice 
Most participants did not complete the logbooks. For those that did, training 
times (for the duration of the program) ranged from 4.8 to 17.2 total training 
hours in the 2015 group (over ten weeks) and 1.8 to 16.9 hours in the 2016 
group (over eight months). Participants who recorded more than ten hours of 
practice during the programs appeared to demonstrate a higher relative 
improvement in performance in time to complete the tubal ligation and thread 
transfer tasks (see Figure 11), though the difference was not statistically 
significance.  
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Figure 11: Performance improvements in box trainer program tasks of tubal 
ligation and thread transfer by trainees according to amount of logged practice 
 
Trainee level 
When performance improvements were compared by trainee level groups, 
early trainees improved more in time to complete thread transfer task (median 
improvement 12.5%, IQR 6 - 14%) compared to middle (median -17%, IQR -
36 - -2%) and late (median -7%, IQR -11 - -4%) staged trainees (p=0.017). 
There was no significant difference in performance improvements across 
trainee level for other outcomes, with the majority of trainees improving post-
training.  
 
6.4. Discussion 
Trainees who participated in the take-home laparoscopic trainer program 
demonstrated improvements in performance tasks, providing support for the 
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efficacy of this training. Trainees demonstrated faster completion times and 
reduced errors for a VR tubal ligation task. The improvements in measures of 
laparoscopic skill are in line with the existing literature providing support for 
the use of box trainers.70, 71, 101, 208 The box trainer program facilitated trainees 
to practice independently in their own time, without direct supervision or 
designated training time. The time improvements seen in the VR tubal ligation 
task, while less than a minute reduction in median time, were combined with 
less bleeding errors and may represent important gains in laparoscopic skill 
and automaticity occurring outside of the operating theatre.  
 
Portable laparoscopic training may overcome barriers of time and access to 
simulation and the positive outcomes following training provide support for the 
value of portable trainers. This training may be of particular benefit to junior 
trainees, who demonstrated a relatively greater improvement in thread 
transfer time. However, the majority of participants improved their 
performance regardless of their level in training, indicating the benefit is not 
confined to those in early stages of training. Unfortunately not all participants 
completed the program requirements, reducing the data available for analysis. 
The lack of compliance with performance evaluations and logbooks potentially 
signals an underutilisation of the program. 
 
Take-home laparoscopic trainer programs internationally have identified 
mixed results for performance benefits.122 Similar to this study, a prior review 
found underuse of off-site training.122 There was wide variation in the amount 
of logbook-recorded practice in previous studies; from no practice to almost 
two hours per week.231, 244, 245 It appears that trainees do not practice as much 
as recommended.122 In our study, despite a longer program in 2016, the total 
logged practice recorded by trainees was similar to the shorter 2015 program. 
Potentially the shorter program led to similar participant engagement. A short 
duration program could have benefits for resource allocation. However, 
considering the influences of shift work and other training priorities it would be 
reasonable for trainees to experience difficulty completing all tasks on a 
weekly basis. Therefore, the poor overall practice times and lack of 
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improvement in logged practice time for the participants of the longer program 
may signal there are barriers to training beyond time alone.   
 
Along with suboptimal completion of practice logbooks, many participants 
failed to complete both the baseline and post-training tasks. This reduced the 
available data for analysis and precluded statistical significance for some of 
the differences seen post-training.  The failure to complete tasks also further 
indicated disengagement with the program. This failure of engagement with 
program requirements was seen in other take-home laparoscopic training 
studies.246, 247 It has been suggested that take-home simulator programs 
should provide goal-directed proficiency-based training and the provision for 
feedback.122 These features were incorporated in our program, yet 
engagement was questionable, highlighting the need for continued research 
into optimal curricula design. A detailed analysis of barriers to program 
engagement may inform targeted strategies to promote training.  
 
To understand the impact of supervision on participant practice and 
performance, half the participants were allocated to additional supervision. 
Supervision for training, and subsequent feedback, may be important 
components of simulation programs122, 176, 177, yet other studies provide 
conflicting evidence for such a requirement.246, 248 No significant differences in 
the performance outcomes of the two groups were identified in our study. 
Unfortunately, due to the small numbers of participants completing the 
performance assessments, this may have precluded finding a difference (a 
type II error). An alternative explanation may be that the supervision provided 
(and feedback given) was insufficient to alter performance. However, similar 
remotely provided supervision has been tested in a previous study and shown 
to be effective.243 The supervision was provided remotely for the purpose of 
promoting the independence of trainees and allowing flexibility for the 
supervisors. In planning future curricula using take-home laparoscopic 
trainers, more research is required to inform the necessary amount and type 
of supervision and feedback.  
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It is desirable to examine clinical performance outcomes following simulation 
training129, yet not always feasible.47, 62, 163 In this study it was not possible to 
assess real procedure performance of participants due to the proportionally 
low number of surgeries performed (in any specific gynaecology procedure) at 
the study institution. Therefore each participant could not be evaluated in the 
same live procedure. Instead the study evaluated participant’s skilled 
performance via simulator performance. This is common for simulation 
research62 and rational given that the goal of medical education is to change 
learner behaviour, with clinical outcomes being a likely (but diluted and 
difficult to measure) downstream consequence.163  
 
Participants in this study would likely have had different opportunities for skill 
development through live procedures and other forms of laparoscopic training 
during the course of the program. It is acknowledged that improvements could 
be related to factors external to the simulation training. Using VR tubal ligation 
as an example for consideration of a non-simulation training effect, comparing 
performance times at baseline to post-training the effect size (of simulation 
training) was large and significant improvement was seen in both the 2015 
and 2016 cohorts. Tubal ligation is rarely performed in live surgery at this 
institution, so participants would not have practiced the skill in clinical 
procedures. Review of VR (automatic) logs demonstrated that participants did 
not practice the tubal ligation task during the programs. Also, the short 
duration of the 2015 cohort reduced the opportunity for an effect from 
standard hospital surgical training. Additionally, when evaluating performance 
in relation to amount of logged practice, those who trained for more than ten 
hours during the programs trended towards greater improvements than those 
who trained less. Considering all these factors it is reasonable to conclude 
that the simulation training influenced the performance improvement seen.  
The study did not control for other forms of training, as it was not considered 
ethical or feasible to manipulate a trainee’s individual clinical exposure or 
training opportunities. The small number of trainees at the study institution 
limited the number of participants able to be included. Evaluating two years of 
the program increased participant numbers and both separate and combined 
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years were analysed. Unfortunately, the program was not continued at the 
training hospital in a formal manner in 2017 for a number of factors outside of 
the control of this research (including alterations to staffing and department 
education priorities). In this integrated research, faculty decisions are 
ultimately beyond the limits of the experimental planning.  
 
Despite the acknowledged limitations, the study demonstrated an 
improvement in laparoscopic performance following training. However, 
compliance with logging practice times and completing assessment tasks 
appeared low. This potentially reflects that elements of program delivery did 
not promote the acceptability of simulation training to the participants. Future 
programs may benefit from changes aimed at improving participant 
engagement. It is not immediately apparent from reviewing the results of this 
study or the existing literature, which features of the program are negatively 
impacting on trainee engagement. Or indeed, how a program may be 
optimised to improve trainee engagement. A deeper understanding of the 
participants’ experience with the program and factors influencing engagement 
would be beneficial in targeting changes at specific barriers.  
 
6.5. Conclusion 
Whilst this study provided support for the efficacy of low-fidelity simulators for 
gynaecology trainees, it also exposed suboptimal participant engagement. 
Potentially, features of the curriculum impacted on its acceptability to trainees.  
There is a need to further explore what the barriers might be to this form of 
low-fidelity simulation training in order to establish evidence-based methods of 
acceptable integration.  
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7. LOW-FIDELITY LAPAROSCOPIC SIMULATION: EXPLORING 
ACCEPTABILITY OF A PORTABLE LOW-FIDELITY SIMULATOR 
PROGRAM 
7.1. Introduction 
It is unclear what constitutes an ideal simulation-based surgical training 
program and optimising simulation curricula remains a high research 
priority.129 In the previous study of low-fidelity laparoscopic training, an 
evidence-based approach was followed to enhance the likelihood of success. 
The take-home box trainer program provided the opportunity for gynaecology 
trainees to practice voluntarily and independently. Whilst laparoscopic skill 
appeared to improve (in some measures) over the course of the program, 
there was suboptimal program engagement evidenced by limited use of 
practice logbooks and compliance with outcome assessments.  
 
Voluntary simulation training programs have previously been associated with 
minimal participation from trainees4, 128 and several studies have 
recommended mandatory training.4, 117, 128 A study of gynaecology patients 
and gynaecology hospital managers revealed they believe trainees should 
pass a simulation-based competency assessment.15 Nevertheless, a 2013 
study of 117 US program directors reported that the majority did not believe a 
simulation curriculum should be mandatory.119 Similarly, fewer than half of UK 
gynaecology trainees and specialists feel that a simulation program should be 
mandatory.249 Only 56% of surgical residents in North America felt a 
demonstration of simulation proficiency should be mandatory prior to live 
operating126; a finding consistent with the results of the survey described in 
Chapter 3. Therefore mandating training may not necessarily improve the 
acceptability of curricula. 
 
Other aspects of surgical training may not be mandatory, such as spending 
time studying for written examinations. Trainees are encouraged to study 
because there is assessment, which is a powerful motivator to learning.125 
Surgical competency assessment exists within the RANZCOG training250, so 
similar motivating conditions potentially exist. Making simulation mandatory is 
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in conflict with the self-direction and independence of adult learners.57 
Enforcing training misses the opportunity to optimise the delivery of 
simulation. Trainee motivation is a key requirement of learning principles such 
as deliberate practice.26 Practice, as opposed to just participation, is an 
important determinant of outcomes, so strategies to increase practice should 
be utilised.125, 251 As there is evidence of poor uptake in simulation in 
gynaecology in Australia195, it is unreasonable to employ a mandatory 
curriculum without broader evidence that the necessary equipment and 
personnel exist for such training. A mandatory curriculum would also be 
difficult to monitor without providing significant in-hours time for training, which 
may be impractical with current hospital service requirements and duty-hour 
restrictions.  Additionally, it is essential to understand and overcome social 
and cultural barriers to training, such as traditional teaching/learning 
methodologies, interactions with supervisory colleagues, financial restrictions 
to training access, non-work commitments (such as family or community 
duties) as educational innovations will only be effective after barriers are 
identified and addressed.26 
 
If low-fidelity simulation is to be acceptable to trainees, a broader 
understanding is needed of trainee attitudes towards simulation and the 
barriers and motivations for training. Past laparoscopic trainer programs have 
also reported trainee disengagement. One study of gynaecology residents 
preparing for an objective laparoscopic skills test revealed that only six of the 
18 participants logged any practice time.225 Unfortunately no participant 
feedback was reported. A study in the US of first year surgical residents found 
in the absence of any curriculum 39% of participants never used their trainer 
and the mean frequency of practice was once or twice per month.223 This was 
despite 91% of the residents believing that the portable box trainer would be a 
useful adjunct to training. The authors concluded a mandatory curriculum was 
required to justify investment in the simulators.223, 224 A further US study235 of 
surgical residents demonstrated higher levels of practice than comparative 
studies.216, 234 The authors proposed that mandatory laboratory practice was a 
promoter of home training.235 However, even in this study, 25% of the 
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participants did not use the simulator at all and another 25% considered it not 
useful for training; meaning only 50% of trainees rated the take-home 
component as useful for training. Personal possession of portable simulators 
after the study did not result in voluntary long-term practice.235 Barriers to 
training identified in a survey were cumbersomeness of set up, a lack of 
desired instruments and criticisms of the camera in the trainer. Similarly other 
take-home programs reported barriers of lack of time, limited space at home, 
lack of trainee motivation, unclear training goals or a lack of consequences for 
not training.234 The authors proposed that voluntary participation will only 
succeed if trainees are given performance targets and assessments.234  
 
Identified barriers to take-home laparoscopic training in the literature appear 
to be difficulty with laparoscopic equipment, task irrelevance, poor motivation 
and a lack of time.228, 234, 235 Proficiency-related training, feedback, in hours 
training and assessments were suggested to promote training.234, 235, 237 The 
initial curriculum studied and outlined in Chapter 6 was designed to provide 
goal-directed training and outcome assessments. Both self-assessment 
against prescribed proficiency targets, simulator instrument tracking and (for 
half the participants) expert supervision allowed for the provision of additional 
feedback. The take-home portable nature of the simulators allowed trainees to 
train at a time that suits them. Despite the evidence-based curriculum 
development and incorporation of features associated with trainee 
engagement, the use of the box trainers appeared low. The literature is limited 
in terms of in-depth analyses of trainee experiences with take-home 
programs. Making a conclusion such as “lack of time” fails to explore the 
social and cultural contributors to why trainees experience this barrier. It is 
possible that there are further, or more specific, barriers to training that have 
not been previously recognised. A detailed analysis of trainee attitudes to our 
program and their barriers and motivators to training may reveal useful and 
novel information to guide future program design.  
 
A theory-driven approach is crucial to understanding why implementations 
(such as simulation training in this case) succeed and fail in the healthcare 
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environment.141, 252, 253 Implementing new practices, such as simulation 
training, requires a change in behaviour of the involved personnel.141 In order 
to change behaviour we need to recognise the influences on behaviour and 
appreciate the context within which they occur.141 Theory selection for the 
purpose of assessing interventions is marred by restricting (potentially 
relevant) constructs to a single theory.253-256 Many of the theories overlap, 
making selection difficult.254, 255 Applying theory to interventions based on 
several theories with overlapping constructs may limit the capacity to identify 
the specific process underlying behaviour change.253 
 
The theoretical domains framework (TDF) was developed for implementation 
research to identify influences on health professional behaviour, allowing a 
systematic assessment of barriers and enablers to desired outcomes.141 The 
TDF integrates 33 theories and 128 theoretical constructs related to behaviour 
change into a single framework.253 The framework was designed to both 
assess implementation as well as inform interventions.253 The advantages of 
using the TDF over other approaches are the comprehensive coverage of 
influences of behaviour (not limited to a single theory), clarity of the influences 
(by defined constructs in each domain) and a framework linking theories of 
behaviour change to techniques of behaviour change.254, 257 The TDF 
promotes the progression from a theory-based investigation to intervention 
through articulation with the behaviour change wheel (BCW), allowing 
evidence-informed mapping of effective interventions to identified barriers and 
enablers.141 The BCW categorises behaviour in terms of the Capability, 
Opportunity, Motivation (COM-B system) with capability being considered in 
terms of psychological and physical, opportunity in terms of social and 
physical, and motivation in terms of reflective and automatic.257 Following this 
progression allows the development of evidence-based intervention 
strategies.  
 
One disadvantage of the TDF is that it does not propose a relationship 
between the domains.254, 256 The generation of a testable theory is not the 
purpose or appropriate application of this framework.254 Alternative theoretical 
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approaches were considered in the planning and analysis of an evaluation of 
the take-home laparoscopic trainer program. Theories such as the theory of 
planned behaviour258, social cognitive theory259, theory of reasoned action260 
or models of organisational cultural change261 could be applied to such 
research.256 Each was considered unsuitable to gather the broad potential 
influences on behaviour in the research setting. For example, the social 
cognitive theory relies on observed behaviour or behavioural modelling, which 
may be limited in independent learning programs. However, the key concepts 
of the social cognitive theory such as the self-efficacy, response behaviour 
and environmental influences are captured as core features of the TDF 
domains.262 The strength of the TDF lies in the inclusion of constructs from 
multiple theories of behaviour change and the depth of evidence synthesised 
within the framework.254 The TDF comprehensively accounts for a wide range 
of barriers and enablers of interventions.256 The TDF can be applied to a 
range of healthcare interventions, including for evaluating implementation 
adherence in staff.141, 263, 264 Validation research has shown the TDF to 
provide the basis for robust exploratory and predictive power, making it useful 
for informing interventions to lead to behaviour change.257  
 
A need was identified to better understand trainee experience with simulation 
due to the poor engagement with the low-fidelity simulation program, despite 
an evidence-informed curricula design. As the existing literature demonstrated 
a limited capacity to explain the findings, there is a need to more thoroughly 
examine the acceptability of low-fidelity simulation. As such, we may better 
understand trainee experience and factors influencing the acceptability of low-
fidelity simulation. A study was therefore performed of gynaecology trainees 
who participated in the take-home laparoscopic simulation program, applying 
the theoretical domains framework (TDF) to perform a systematic assessment 
of barriers and enablers, and make recommendations for future programs.141   
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7.2. Methods 
Design and setting 
A qualitative descriptive study was performed using semi-structured 
interviews of the trainees who participated in the take-home laparoscopic 
simulator program in 2016. This study design was chosen to gain a deeper 
understanding of trainee experience.117 The constructivist stance was 
assumed in this method; that the participants’ experience was likely subjective 
and influenced by the social and cultural factors, interpreted through 
participant and interviewer interaction.131, 142   
 
The 2016 group was chosen as they had most recently participated in the 
program and were considered more likely to have accurate recollections of 
their experience.   
Participants 
The original 16 participants of the 2016 program (Chapter 6) were invited to 
participate in a phone interview. Interviews were performed of all willing 
participants and until data saturation was reached.141  
Data collection and analysis 
The principal researcher (EW) performed the interviews using a semi-
structured format (interview guide is provided in Appendix 8). Audio 
recordings were de-identified and transcribed for analysis. Two researchers 
(EW and BJ) were responsible for coding the transcripts. They reviewed two 
transcripts independently before discussing their findings to agree on a coding 
framework. EW and BJ then independently coded the remaining transcripts, 
noting illustrative segments of text. EW and SW then classified, sorted and 
synthesised the codes in consultation with BJ. The coding framework and 
generation of themes was shared with the other investigators (SJ, DH, MB). 
Final themes and subthemes were agreed by discussion and consensus.  
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Application of the TDF 
Authors (EW and SW) performed the process of sorting the themes of 
identified barriers and enablers into the TDF.265, 266 The theoretical domains 
framework (TDF) allows a systematic assessment of barriers and enablers to 
desired outcomes.141 The TDF promotes data analysis deductively and 
generates the framework for content analysis and sorting of identified themes 
in relation to the 14 domains.141 
 
Constructs within each of the domains were used to assist with identification, 
classification, and refinement of these issues into appropriate domains. 
Following the process outlined in Michie et al. (2011), the “Capability-
Opportunity-Motivation - Behaviour” (COM-B)/ Behaviour Change Wheel 
(BCW)265 was followed to identify key strategies required to effectively 
address and overcome the barriers identified through behaviour change 
techniques, with additional input from emerging literature that combines the 
BCW, the Cochrane effective practice and organisation of care (EPOC) 
website, the Leeman taxonomy, and behaviour change techniques.266  
 
7.3. Results  
Interviews were performed for ten trainees from the 2016 simulation program 
and were of ten to 21 minutes in duration. Analysis of the transcripts revealed 
four major themes. The major themes were (1) participant expectations about 
simulation and the outcomes of trainings, (2) program content, (3) integration 
and (4) motivations. Detailed working of subthemes, content description and 
transcript examples are provided in Appendix 9. 
 
(1) Participant expectations about simulation and the outcomes of training: 
Subthemes in this theme included trainee beliefs about the role of simulation, 
their experience of skill development, relationship of seniority to the role of 
simulation and a disconnect between their intended use of simulation and 
reality.  
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Trainees demonstrated an understanding of the role of simulation and 
believed in the capacity for simulation to improve their procedural skills. They 
expressed a desire for skill improvement and acknowledged that the program 
enabled a progression through levels of difficulty. They recognised their own 
skill development through the course of the training. They believed that this 
translated into improving their operative performance. Interestingly, both junior 
and senior trainees commented that the training was suitable to their level of 
training, and identified differing training benefits. For example, junior trainees 
reported the training was helpful to establish basic skills prior to patient 
contact, while senior trainees found it was valuable to consolidate their skills 
and provided the opportunity for deliberate practice in areas of identified 
deficiencies (such as suturing).  
 
I think – there’s lots of evidence... those that have had simulation training prior 
to hands-on operating have a much better skills acquisition and are much 
better from a safety point of view. I just think that especially in a setting where 
operative exposure and experience is getting less and less I think it's an 
invaluable opportunity for trainees. (P3) 
 
Instrument handling, learning to use two hands, passing from one hand to 
another, orientating yourself, and just that hand-eye coordination.  (P8) 
 
I think it did overall improve my dexterity and my ability to perform 
laparoscopic tasks. I think it did give me a good foundation, to starting to do 
my own procedures under the supervision of consultants. (P10) 
 
Trainees commonly reported that despite a desire to train they practised less 
than they had imagined. It appeared there was a disconnect between their 
intentions and reality, resulting in collective suboptimal engagement.  
 
I guess the other major reflection I have is that I didn't use my box trainer as 
much as I would have wanted to or predicted that I would have.  (P5) 
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I thought I would use it a lot more than I actually did (P1) 
 
I thought if they were skills I shouldn’t miss out on in my training, but then I 
still didn’t use it. (P4) 
 
(2) Program content: 
The theme of program content included the subthemes of training access and 
program features including perceived equipment and task validity. Trainees 
reflected on how the program permitted them to access to simulation 
equipment and train at home. Most participants felt the equipment was easy 
to set up, however some felt they didn’t have an appropriate height surface or 
space at home to leave the equipment set up. They considered that the effort 
to set up the equipment was a barrier to training.  
 
If I was able to sort of leave it set up, I could probably - like in a place that I 
walk past and be like, oh yeah I might just play with that for a bit. But, I just 
didn’t have that much room… just having to remember to pull it out and open 
it all up. (P6) 
 
Just the thought of having to unpack it and repack it up would be enough to 
stop you from using the five or 10 minutes that you had spare to do it. (P5) 
 
Trainees enjoyed being able to work in their own environment and felt that it 
allowed them to practice at their own pace and without fear of judgment from 
their supervisors. However, some participants commented that hardware 
components were inferior to that used in theatre (such as the instruments or 
viewing screen).  
 
I like the ease of having it at home and like I said, being able to fumble 
through it and feel a bit uncoordinated without somebody standing over your 
shoulder.(P8) 
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Trainees considered that the tasks in the curriculum could promote the 
development of necessary operative skills. However some trainees found it 
difficult to see how certain tasks related to real surgery.  
 
If you’ve got [four dice] and you want them stacked in your abdomen, I can do 
that [laughs] - I know it’s useful for hand-eye coordination, but it does sort of 
seem - there’s no real correlation what we do surgically with that. (P7) 
 
Participants revealed haphazard recording of their practice sessions in the 
logbook provided. They felt their use of the trainer was often too short or 
interrupted to warrant recording.   
 
Oh yeah, the logbook was -it was [a helpful] thing to do… there were times 
that I'd do training and I wouldn't log it because it was literally two minutes. 
(P3) 
 
(3) Program integration: 
The theme of program integration included the subthemes of workplace 
synergies and mandatory training. Trainees proposed that allocated training 
time in-hours would have aided them to train more. Trainees supported an 
integrated approach where the at home training could be complemented by in 
hospital practice sessions with supervision and teaching. They suggested this 
would provide additional motivation to then practice at home.  
 
I think people are probably more likely to complete the exercises and maybe 
be more receptive to it if you give them time in hours for it. (P2) 
 
[referencing unrelated intermittent surgical training sessions at the hospital]… 
I'd get actually a bit of guided teaching. That would motivate me to come 
home and do a little bit on the box trainer, as well. (P3) 
 
Trainees were divided in their opinions on whether the simulation program, or 
similar future programs should be mandatory. Some recognised that forced 
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participation or sanctions would drive increased participation and subsequent 
benefit for trainees. Others expressed reluctance for mandatory participation, 
feeling it would detract from the enjoyment of the program.  
 
Sometimes you have to force people to do things… trainees should have 
something like this built into their curriculum. (P2) 
 
Oh yeah if it'd been compulsory. So if it had been like the research project 
and the policy and [other compulsory tasks at the hospital], where it was part 
of your work, where you had to do it, then I do think I would - well I would 
have made the time to do it then. (P4) 
 
You’d take the fun aspect out of it by making it mandatory… I would actively 
discourage you from making it mandatory. (P1) 
 
It emerged that some participants felt that training hospital have the duty to 
provide the equipment, time and supervision for practice. Others felt that 
trainees ultimately are responsible for their own skill development and 
engagement with training.  
 
At the end of the day, we’re adults. You shouldn’t have to make someone 
chase you and in real life… no one’s going to chase you to do things. (P6) 
 
I think we should be doing it in [work] hours rather than in our own time.  I 
think we should be doing it at work. (P4) 
 
(4) Motivations: 
The theme of motivations included subthemes of competing priorities of self, 
competing work duties, motivating features of work, and other external 
motivators. Of greatest apparent influence on motivation to train was the 
trainee’s assessment of their free time to practice. Trainees identified 
numerous competing priorities for their time including shift work, work-
associated duties (such as research, guideline development) and parenting.  
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I just think with all the hours spent at work and then doing other things related 
to work, like research projects and policies et cetera, there was just no time 
left to do the box-training project as well. (P4) 
 
I think it was done in a way that was entirely time manageable for someone 
who's not sitting exams or got other significant commitments. (P10) 
 
I had some family changes during the program.  I had a baby and obviously 
that becomes a bit more distracting and less time. (P5) 
 
Some trainees felt even when they had the time, they experienced inertia to 
start. Trainees admitted they avoided practice. 
 
It’s just that when I had free time, I would rather spend it doing exercise, or 
watching TV, or doing something to chill out [laughs]. (P6) 
 
Everyone last year was saying that when they do it, it's beneficial. Doing it 
was the effort (P3) 
 
Trainees appeared to identify as ‘busy doctors’. They associated this with a 
difficulty in taking on additional duties.  
 
The crux of it is when you're a busy O&G registrar, there are so many 
demands on your time. (P5) 
 
The year before I'd gone from a much more laidback role to being the first 
year registrar of a research project and the policy to review and an audit to 
do...(P3)  
 
Task-related goals and gaming through competing with their own prior 
performances appeared to motivate the participants to practice. The implied 
deadlines of the program (monthly tasks allocation) provoked ongoing 
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participation. Trainees, particularly those assigned to additional supervision, 
felt motivated to train by their desire to impress senior respected clinicians.  
 
“I wanted to get better…it was fun trying to get better than last time” (P1) 
 
Someone looked at your video, so you knew one of the consultants who I 
respected, was going to look at my video and I didn’t want them to think badly 
of me. So I think that’s motivating. (P7) 
 
Clinical work, in the form of real operating exposure, appeared to impact on 
trainees’ motivation to practice with simulation. Some trainees felt this was a 
motivator and reported it was useful to practice their skills using simulation 
prior to operating. Others felt a lack of real-life operating reduced their 
motivation to engage with the simulation program.  
 
My primary motivation was that I would like try and do some the night before 
my list and that sort of thing. (P9) 
 
It's hard because you get so little operating at the [hospital] to then put it into 
practice. (P8) 
 
Categorisation of identified barriers and enablers into the TDF: 
The barriers and enablers identified and described above were subsequently 
sorted according to the domains of the TDF (Table 11). Table 11 
demonstrates the relationships between the TDF domains, the identified 
barriers and enablers, corresponding evidence-based intervention styles and 
planned interventions. Sorting the barriers and enablers into the domains of 
the TDF guided the selection of appropriate intervention styles from the 
literature.   
 
After sorting and matching process outlined, researcher EW (myself), with 
guidance from SW, SJ and BJ, selected theoretically-grounded strategies to 
improve trainee participation via incorporating recognised behaviour change 
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techniques. Intervention strategies were chosen to address each of the major 
identified barriers (Table 12). Care was taken, with guidance from SJ and MB 
from the gynaecology department at the study institution, to ensure such 
strategies were feasible within the department, as well as achievable across a 
range of settings.  
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 Table 11: Theoretical D
om
ains Fram
ew
ork dom
ains identified as relevant to barriers for gynaecology trainees, paired w
ith 
evidence-based interventions inform
ed by the B
ehaviour C
hange W
heel / C
apability-O
pportunity-M
otivation –B
ehaviour 
com
ponents
265 and interventions from
 C
olquhoun et al. 266, w
ith exam
ples of how
 these m
ay be operationalised. 
TD
F D
om
ain
a 
A
ligned Identified B
arriers 
 
A
ligned Identified Enablers 
 
R
elated 
intervention 
styles
b 
E
xam
ples of operationalisation of interventions 
(detailed in Table 12) 
K
now
ledge 
 
 
 
 
S
kills 
` 
• 
R
ecognised their ow
n 
skill developm
ent 
Training 
M
odelling 
R
estrictions 
• 
S
upervisor allocated to each trainee can 
provide feedback on skill developm
ent 
(m
odelling) 
o 
U
se of an opinion leader 
M
em
ory, attention and 
decision processes 
 
 
 
 
B
ehavioural regulation 
• 
D
isconnect betw
een 
intention to train and reality 
 
E
nablem
ent 
M
odelling 
• 
S
upervisor allocated to each trainee 
(m
odelling) 
o 
U
se of local opinion leader 
• 
Introductory education session (enablem
ent)  
o 
G
oal setting 
o 
P
roblem
 solving 
o 
C
om
parative im
agining 
• 
Trainee contract (enablem
ent) 
o 
B
ehavioural contract 
o 
A
ction planning 
• 
S
et and self chosen tasks of graded difficulty 
(enablem
ent) 
o 
G
oal setting 
o 
G
raded tasks 
S
ocial Influences 
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 S
ocial/ P
rofessional 
R
ole &
 Identity 
• 
Professional role: as a busy 
doctor 
• 
W
ant supervision 
E
nvironm
ent
al 
restructure 
E
ducation 
• 
S
upervisor allocated to each trainee 
(education)  
o 
inform
ation about others’ approval 
o 
feedback on behaviour 
• 
C
om
plem
entary in-hours training 
(environm
ental restructure) 
o 
E
xposure 
o 
C
hanging the social environm
ent 
B
eliefs about 
consequences 
 
• 
B
elief that sim
ulation 
im
proved operative skills 
and this translated to 
operative environm
ent 
E
nvironm
ent
al 
restructure 
E
ducation 
• 
Trainee-centred curriculum
 coupled w
ith 
supervisor allocated to each trainee 
(education) 
o 
Feedback on the behaviour and/or 
outcom
e(s) of the behaviour 
o 
S
elf-m
onitoring of behaviour and/or 
outcom
es of behaviour 
o 
Inform
ation about social and 
environm
ental consequences 
o 
Inform
ation about others’ approval 
B
eliefs about 
capabilities 
 
• 
R
ecognition of need for 
sim
ulation related to their 
level of experience 
• 
Self-directed training 
• 
Independent practice at 
ow
n pace w
ithout fear of 
judgem
ent 
E
nvironm
ent
al 
restructure 
E
ducation 
• 
Trainee-centred curriculum
 (education) 
o 
S
elf-m
onitoring of behaviour and/or 
outcom
es of behaviour 
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 O
ptim
ism
 
• 
Perceived poor relationship 
betw
een designated tasks 
and operative skills 
 
E
nvironm
ent
al 
restructure 
E
ducation 
• 
P
roviding inform
ation about benefits of 
sim
ulation in introductory session (education)  
o 
R
e-attribution 
o 
Inform
ation about consequences  
• 
Trainee-centred curriculum
 coupled w
ith 
supervisor allocated to each trainee 
(education) 
o 
Feedback on the behaviour and/or 
outcom
e(s) of the behaviour 
o 
S
elf-m
onitoring of behaviour and/or 
outcom
es of behaviour 
o 
Inform
ation about social and 
environm
ental consequences 
Intentions 
 
 
 
 
G
oals 
• 
Lack of real operating 
• 
U
pcom
ing operating  
• 
G
oal setting and desire to 
im
prove perform
ance 
E
nvironm
ent
al 
restructure 
E
ducation 
• 
P
roviding inform
ation about benefits of 
sim
ulation in introductory session (education)  
o 
R
e-attribution 
o 
Inform
ation about consequences  
• 
C
om
plem
entary in-hours training 
(environm
ental restructure) 
o 
E
xposure 
o 
C
hanging the social environm
ent 
R
einforcem
ent 
 
• 
Program
 tasks and 
deadlines 
• 
B
elief that training should 
be m
andatory 
E
nablem
ent 
C
oercion 
E
ducation 
• 
Trainee contract (coercion and enablem
ent) 
o 
C
om
m
itm
ent (coercion) 
o 
A
ction planning (enablem
ent) 
• 
S
et and self chosen tasks of graded difficulty 
(enablem
ent) 
o 
G
oal setting 
o 
G
raded tasks 
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 E
nvironm
ental C
ontext 
and R
esources 
• 
H
ardw
are com
ponents 
(such as instrum
ents) 
different to those used in 
real surgery 
• 
Lim
ited space at hom
e to 
leave box trainer set up 
• 
Perceived low
 value of 
logbook 
• 
Lack of in-hours protected 
tim
e for training 
• 
C
om
peting priorities: w
ork 
and life 
• 
A
ccess to equipm
ent 
(given to trainee and 
could use at hom
e) 
Incentivisati
on 
P
ersuasion 
E
nvironm
ent
al 
restructure 
• 
S
upervisor allocated to each trainee to provide 
feedback on the behaviour (persuasion) 
• 
C
om
plem
entary in-hours training 
(environm
ental restructure) 
• 
Frequency based practice logbook 
(environm
ental restructure) 
• 
B
ehavioural reinforcem
ent activities 
(incentivisation) 
• 
Flexible task tim
etable (environm
ental 
restructure) 
• 
H
om
e restructuring advice in introductory 
session (environm
ental restructure) 
E
m
otion 
• 
Feelings of inertia 
 
E
nablem
ent 
C
oercion 
E
ducation 
• 
Trainee contract (coercion)  
o 
S
elf m
onitoring of behaviour 
o 
C
om
m
itm
ent  
o 
B
ehavioural contract 
• 
S
upervisor allocated to each trainee (coercion) 
o 
M
onitoring of behaviour by others  
• 
Introductory education session (education)  
o 
Inform
ation about consequences 
o 
Inform
ation about others’ approval 
• 
S
ocial support provided through introductory 
session, in-hours training and supervision 
(enablem
ent)  
a TD
F D
om
ain definitions: 
K
now
ledge: A
n aw
areness of the existence of som
ething 
S
kills: A
n ability or proficiency acquired through practice 
M
em
ory, attention and decision processes: The ability to retain inform
ation, focus selectively on aspects of the environm
ent and choose betw
een tw
o or m
ore 
alternatives 
B
ehavioural regulation: A
nything aim
ed at m
anaging or changing objectively observed or m
easured actions 
S
ocial Influences: Those interpersonal processes that can cause an individual to change their thoughts, feelings, or behaviours 
S
ocial/ P
rofessional R
ole &
 Identity: A
 coherent set of behaviours and displayed personal qualities of an individual in a social or w
ork setting 
B
eliefs about consequences: A
cceptance of the truth, reality, or validity about outcom
es of a behaviour in a given situation 
B
eliefs about capabilities: A
cceptance of the truth, reality, or validity about an ability, talent, or facility that a person can put to constructive use 
O
ptim
ism
: The confidence that things w
ill happen for the best or that desired goals w
ill be attained 
Intentions: A
 conscious decision to perform
 a behaviour or a resolve to act in a certain w
ay 
G
oals: M
ental representation of outcom
es or end states that an individual w
ants to achieve 
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 R
einforcem
ent: Increasing the probability of a response by arranging a dependent relationship, or contingency, betw
een the response and a given stim
ulus 
E
nvironm
ental C
ontext and R
esources: A
ny circum
stance of a person’s situation or environm
ent that discourages or encourages the developm
ent of skills 
and abilities, independence, social com
petence, and adaptive behaviour 
E
m
otion: A
 com
plex reaction pattern, involving experiential, behavioural, and physiological elem
ents, by w
hich the individual attem
pts to deal w
ith a 
personally significant m
atter or event 
 b Intervention style definitions: 
Training: Im
parting skills 
M
odelling: P
rovide an exam
ple for people to aspire to or im
itate 
R
estrictions: U
sing rules to reduce opportunity to engage in the target behaviour (or increase the target behaviour by reducing the opportunity to engage in 
com
peting behaviours) 
E
nablem
ent: Increasing m
eans/reducing barriers to increase capability or opportunity 
E
nvironm
ental restructure: C
hanging the physical or social context 
E
ducation: Increasing know
ledge or understanding 
C
oercion: creating expectation of punishm
ent or cost 
Incentivisation: C
reating expectation of rew
ard 
P
ersuasion: U
sing com
m
unication to induce positive or negative feelings or stim
ulate action 
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 Table 12: C
urriculum
 structure and strategies for take-hom
e sim
ulator to operationalise the interventions outlined in Table 
11 
Intervention 
D
escription 
1. 
S
upervisor allocated to 
each trainee 
• 
E
ach trainee allocated a supervisor for the duration of the program
 
• 
S
upervisors given exem
plars of feedback provision 
• 
Trainees inform
ed to correspond w
ith supervisor (online uploads of videos, em
ail feedback) for each task 
2. 
Introductory education 
session 
• 
E
xplain program
 curriculum
 
• 
P
rovide supportive evidence and rationale for sim
ulation training 
• 
D
em
onstrate set up and use of equipm
ent 
• 
Inform
 trainees of contacts for troubleshooting 
• 
E
ncourage com
parative im
aging 
3. 
Trainee contract 
• 
Trainees to set personal goals for task skill attainm
ent (levels of difficulty 1,2 or 3) 
• 
M
ake a personal contract outlining anticipated achievable training frequency and subm
issions for feedback 
4. 
S
et and self-chosen 
tasks (trainee-centred 
curriculum
) 
• 
C
urriculum
 of ten tasks from
 w
hich trainees choose tasks for a self-directed curriculum
  
• 
M
onthly focus task for trainees to request feedback on from
 their supervisor and attain achievem
ent level 
• 
Trainees encouraged to also practice tasks from
 their curriculum
 as desired throughout program
 to m
eet 
learning goals. For exam
ple, participants m
ay prefer to spend m
ore tim
e on suturing tasks and practice this 
around the “focus task” of the m
onth 
5. 
Flexible task tim
etable 
• 
Trainees m
ake a personal schedule of training for each task in curriculum
 over a m
axim
um
 12-m
onth period 
• 
A
llow
 trainees to have a “m
onth off” w
hen on a busy rotation, night shifts or annual leave as required. 
6. 
C
om
plem
entary in-
hours practice 
• 
D
edicated sim
ulation sessions allocated in education tim
etable. S
enior clinician(s) present to provide in-
person supervision and feedback. 
• 
H
ave sim
ulator available in operating theatre sessions for supervised practice betw
een operative cases 
7. 
H
om
e environm
ent 
restructuring advice 
• 
Trainees to brainstorm
 options for setting up equipm
ent at hom
e to facilitate access and frequent practice 
• 
Trainees given exam
ples of setups from
 previous successful users of sim
ulators. For exam
ple, trainees 
found having sim
ulator perm
anently set up on study desk enabled frequent use 
8. 
Frequency based 
practice logbook 
• 
Logbook updated to include a log of practice frequency as w
ell as duration 
• 
R
evise form
at to increase com
patibility w
ith personal electronic devices  
9. 
B
ehavioural 
reinforcem
ent activities  
• 
S
upervisors to post trainee achievem
ents on departm
ent com
m
unication application 
• 
C
ertificates of com
pletion provided to trainees w
ith each goal level attained  
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7.4. Discussion 
This study revealed a wide range of barriers and enablers to trainee 
participation in take-home laparoscopic simulation program. These factors 
appeared to have influenced the acceptability of the program to trainees and 
their subsequent engagement with voluntary practice. Trainees positively 
viewed the ability to self-direct practice, achieve set goals and train in their 
own environment. They believed the training was useful for skill development 
and improved their operative performance. The findings provide support to the 
hypothesis that low-fidelity simulation is acceptable to gynaecology trainees.   
 
Unfortunately, trainees as “busy doctors” found their desire to use the 
simulators was in conflict with numerous barriers to training. Trainees 
reported competition for their “free” time and feelings of inertia resulted in an 
overall disconnect between intention to practice and reality.  Supervision and 
real ‘live’ operating were motivators for training, however the clinical 
opportunities to reinforce simulation practice were not always available. 
Trainees were divided as to whether such training should be mandatory and 
ultimately differed in their opinion of whether they or the training institutions 
should be responsible for the development of their surgical skills.  
 
Factors influencing trainee engagement with low-fidelity take-home 
laparoscopic simulation 
The literature, although limited, has previously shown that difficulty with 
laparoscopic equipment, task relevance, poor motivation and a lack of time 
are identified barriers to this type of simulation training228, 234, 235 Proficiency-
related training, feedback, in hours training and assessments were suggested 
to promote training. 234, 235, 237 These known influences are minimally 
described in the literature and they fail to explain how or why participants 
experience these barriers. For example a conclusion such as “limited time” 
neglects to ascertain the influences on each individual’s duties in work and life 
and how training could be provided in a manner considerate of their priorities. 
This study has provided a deeper understanding of these factors and 
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uncovered additional barriers. Barriers to training not previously detailed in the 
literature were inability to leave the trainer assembled, a lack of clinical 
operating, poor logbook compliance and feeling the responsibility for training 
lies with the training institution over ones’ self. Potentially, these are criticisms 
of basing training in the home environment and providing low-fidelity 
simulators in a similar program but a different setting (such as in hospitals or 
operating theatres) could promote engagement. Alternatively, encouragement 
to optimise the home environment set up could assist trainees to use their 
trainers at home. Poor impressions of the similarity of the simulator equipment 
to that used in the clinical setting negatively impacted on some trainee’s 
desire to practice. Certain tasks were considered irrelevant to clinical tasks 
and appeared to disengage some trainees from participation. This lack of task 
relevance can be overcome using virtual reality simulators, where actual 
procedures are simulated, but cost, difficulty of access and lack of real touch 
can be significant detractors and justified their omission from this research.101, 
102    
 
This study revealed more precisely the factors impacting on trainee 
motivation, finding intrinsic and extrinsic forces driving engagement. Trainees 
considered themselves time poor, were effected by procrastination and 
feelings of inertia and had competing life priorities; with parenting noted as a 
significant barrier by some trainees. In their work, trainees felt their numerous 
duties, directly and indirectly related to patient care (such as research, audit, 
guideline authorship) prevented additional training. Identifying as a “busy 
doctor” appeared a justification for limited practice. The additional detail 
provided in this study allowed the generation of targeted strategies for 
improving training.  
Strategies for improving engagement with training 
The study methodology promoted the development of targeted strategies for 
behaviour change; to improve trainee engagement with take-home simulation. 
It is common for clinicians to make assumptions about what the barriers to 
implementation are and proceed with strategies based on this assessment.267 
Behaviour change interventions grounded in theory are more effective than 
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those based on intuition.268, 269 Through detailed analysis of trainee feedback 
and subsequent application of the TDF and BCW (Table 11), appropriate 
behaviour change techniques have been identified. These techniques were 
used to suggested intervention strategies (Table 12) for future iterations of 
this program.  
 
Strategies proposed include a face-to-face introductory session to provide the 
evidence for simulation training and a rationale for the curriculum. Trainees 
should be made aware of the benefits of deliberate practice, distributed 
practice and mastery learning.117 Education regarding the principles behind 
simulation-based education can enable trainees to understand how skill 
development is possible, even with limited access to real operating. The lack 
of real operating was a barrier categorised to the “goals” domain and aligning 
with education as an appropriate intervention style.265 The introductory 
session provides education to trainees that may promote their engagement 
with simulation. Some trainees in our study identified perceived poor task 
fidelity reduced their desire to practice. Providing a rationale for each task 
would address this barrier. An introductory session should also guide goal 
setting, problem solving and comparative imaging. These enablement 
interventions align with the TDF domain of behavioural regulation and target 
the identified barrier of trainee feelings of inertia (Table 11).  
 
The most prominent barrier to training experienced by trainees was limited 
time to train. Strategies targeting the underlying causes of this perception are 
required. Recognising the barriers of shift work and the busy role of doctors, a 
flexible task timetable would enable the scheduling of training closer to 
surgical opportunities and could improve engagement.266 Protected time in 
hours may both quarantine time for training as well as promote further 
practice at home.235 Further stimuli to practice include a trainee-centred 
curriculum of self-directed tasks with a range of difficulty.117 Additional 
incentives proposed include behavioural reinforcement in the form of rewards 
for achievement265, 266 and goal setting.117, 122 Personal trainee contracts 
(aligning with the intervention styles of enablement and coercion) may 
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promote training, following the theory that humans desire to be consistent with 
commitments.270 
 
Trainees in our program who received additional supervision felt motivated by 
a desire to impress the senior clinician. All trainees should be allocated a 
supervisor in future programs, to provide the feedback and behavioural 
monitoring that could overcome feelings of inertia and encourage practice.271 
While this requires more faculty involvement in training, the remote provision 
of feedback provided in the program appeared acceptable to trainees and 
allowed supervisors to provide feedback in a flexible manner. Remote 
supervision also allows one clinician to provide supervision to a number of 
trainees, reducing the need for numerous faculty members.   
 
Logbooks may incentivise practice216, 234, but our study revealed trainees 
often did not log time due to a perception that the duration of their training 
session was not worth recording. Changing to a frequency-based practice 
logbook, via environmental restructuring, may improve adherence and 
promote training. Alternatively, prescribing a certain target number of 
procedures to log could promote engagement through goal setting.266  
Mandatory training 
The strategies proposed are aimed at improving trainee engagement with 
practice. Creating motivation through interventions aimed at behaviour 
change is an alternative to forced participation.127 However, aside from 
incentivising “voluntary” practice, the training could be made mandatory. 
Some trainees in our study argued strongly against making training 
mandatory. Those of this opinion felt that making training mandatory would 
“take the fun out of it”, or that the training institutions should be providing the 
time for them to train, as opposed to enforcing out of hours training. Other 
participants felt that trainees may benefit from obligatory participation in this 
sort of additional training. Previous studies have also found suboptimal 
participation in voluntary training and suggested a mandatory approach.128, 235, 
272 However, other studies have reported trainees are reluctant for simulation 
training to be mandatory119, 195, 249 Making simulation mandatory could detract 
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from the trainee-centred nature of a curriculum and may forego an opportunity 
to optimise the delivery of simulation. Integrated methods of simulation 
training appear to promote “voluntary” engagement, as seen from studies in 
the US216, 233, 236 and other settings where take-home training was used in 
conjunction with established simulation programs.235, 237 Considering the 
literature, the proposed strategy for future programs is to provide 
complementary in-hours protected opportunities to develop skills with 
supervision and feedback.117 This strategy aligns with participants’ desire for 
in-hours, protected time for simulation training.  With time, if simulation-based 
training becomes more integrated in local training systems, there may be a 
reduced requirement for this additional in-hours facilitation.   
Study strengths and limitations 
This study intended to provide a deeper understand of the experience of 
trainees with a simulation program; contributing to the literature where such 
information is limited. The detailed information provided by participants was 
specific and reflective of their individual experience. A single interviewer was 
used, which provided consistency for gathering this information. Using a 
theoretical framework to arrange findings enhanced understanding of the 
barriers and enablers in the healthcare context, promoted the development of 
targeted solutions and assisted the capability for wider application of the 
findings.  
 
Participation in this study was voluntary, potentially allowing a participation 
bias, where only trainees with certain positive or negative feelings sought to 
participate. The interviewer was known to some of the participants, which may 
have influenced openness. However, the interviewer was peer-level rather 
than supervisory and did not work in the department. Therefore it is unlikely 
that the interviewer would have impeded honest disclosure; reflected in the 
range of responses elicited in the interviews. While there were a small number 
of participants in the study, over half of the participants in the training program 
agreed to an interview and interviews were performed until there was 
saturation of data from the emerging themes. Previous studies contributing to 
the understanding the acceptability of take-home box trainer programs used 
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surveys of eight228, 18234 and 12235 participants. The only study incorporating 
interviews had nine focus group participants and interviewed five 
participants.237 In my study the participant group came from a small 
population and that population is relatively homogenous (all gynaecology 
trainees from a single institution that participated in the program at the same 
time), reducing the capacity and necessity for a large sample size.138, 273, 274 
Furthermore, the triangulation with existing literature supports the view that 
saturation was achieved within the interviews performed.273, 274 The majority of 
thematic coding occurs in a small number of interviews, suggesting it is 
unlikely a significant number of factors were unobserved in this analysis.138  
Future directions 
The design of the take-home low-fidelity laparoscopic (box trainer) program 
incorporated known features of successful curricula design. Trainees had 
access to a simulator, out-of-hours opportunity for practice, a curriculum of 
graded difficulty of tasks and set goals for attainment. The pilot program 
underwent changes to allow participants more time to train for each task. 
Despite the longer time allocated, low-level engagement appeared to persist. 
There was limited literature to explain this finding. This study provided a more 
comprehensive exploration of trainee experience and uncovered a number of 
different influencers on trainee motivation to practice using simulation. 
 
An obvious “solution” to the difficulties trainees encounter would be to either 
mandate their participation122, 216, 228, 234, 235, 237  (with appropriate sanctions for 
non-compliance) or provide them with dedicated protected in-hours time to 
train. Unfortunately, in-hours-training time is limited by work-hour restrictions 
(and staffing budgets) so practice in simulation competes with clinical 
responsibilities and restricts non-simulation training opportunities such as 
direct patient contact. Mandatory simulation is not desired by all trainees and 
may be unreasonable in an environment without integrated simulation 
programs or a culture of simulation-based credentialing. There is a need for 
training institutions to carefully consider the balance between service 
provision and surgical training.  
 
146 
 
7.5. Conclusion 
This study sought to understand the factors impacting on the acceptability of a 
low-fidelity laparoscopic simulation curriculum. As the existing literature did 
not appear to explain the lack of engagement noted in the program, it was 
imperative to more deeply explore trainee experience. The methodology 
followed allowed the formation of evidence-based strategies to target the 
identified barriers and enablers to training. Barriers were found in line with 
existing literature such as limited time and equipment difficulties. This study 
also uncovered additional barriers of a lack of real operating, feelings of 
inertia, underutilisation of logbooks, perceptions related to the “busy doctor” 
role and a variety of competing life priorities. Whilst making simulation 
mandatory or prioritising in-hours training over clinical duties may circumvent 
barriers to voluntary training, such solutions are not necessarily practical for 
training institutions or desired by trainees. 
 
Fortunately trainees retain positive attitudes towards simulation and believe in 
the value of this training for their skill development. This supports the 
hypothesis that low-fidelity simulation is acceptable to gynaecology trainees. 
However, the acceptability appears stronger for the notion of simulation 
training than the practical implementation. Program design should be altered 
to address participant attitudes. Using recognised behaviour change 
techniques may improve trainee engagement with voluntary training and 
foster skill development using a method that is flexible and suitable to the 
modern training climate.  An ongoing process of re-assessment of training 
outcomes related to both the efficacy for skill development and the 
acceptability in terms of trainee engagement would be a suitable approach to 
ensuring the potential value of this method of simulation training is being 
reached. 
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8. CONCLUSIONS 
This thesis aimed to explore the acceptability and efficacy of low-fidelity 
simulation training for gynaecology trainees. The literature suggest that there 
is evidence for the value of simulation training, particularly when implemented 
in tightly controlled experimental or simulation laboratory settings.  There is 
less evidence for the success of simulation when integrated with routine 
training in a practical context. Successful programs internationally appeared 
to exist in the context of large simulation centres or compulsory programs. 
The cost of simulation and poor accessibility to simulators were common 
barriers to the implementation of simulation in training settings. Low-fidelity 
simulation, selected for its cost and accessibility benefits, was chosen for 
evaluation in this thesis to understand if this method could be both effective 
and acceptable to trainees. The thesis examined low-fidelity simulation in both 
laparoscopic and non-laparoscopic procedures. Non-laparoscopic simulation 
training was evaluated due to the recognised limit to the breadth of evidence 
for simulation training in gynaecology procedures. Whilst there is growing 
evidence for the use of simulation in training laparoscopic gynaecology 
procedures, the noted poor level of implementation prompted the need to 
study a more flexible method of implementation through the use of portable 
trainers. Gynaecology trainees were the target population for the research 
due to concerns with the surgical capabilities of the gynaecology specialty 
training graduates. The research was designed to evaluate both the efficacy 
and acceptability of forms of low-fidelity simulation training, considering both 
of these facets to be necessary for the inclusion of low-fidelity simulation in 
surgical curricula.  
 
8.1. Key findings related to the research questions 
1. Is low-fidelity simulation currently accepted as part of surgical training in 
gynaecology in Australia? 
The initial survey demonstrated that formal uptake of simulation within 
surgical training in gynaecology in Australia was low. Trainees and their 
supervisors reported limited access to simulators. It did not appear that the 
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provision of simulators was supported by formal curricula or support for 
training. There was a notable discrepancy in access to simulation training 
across regions and hospital types, with trainees at tertiary hospitals reporting 
greater access to simulation and supported training. The major barriers to 
greater use of simulation appeared to be difficulties with access, cost, limited 
time and other training priorities. Support for simulation in terms of 
supervision, allocated training time and supportive curricula were considered 
important for promoting simulation training.  
 
Fellows and trainees believed in the benefit of simulation for skill 
development and saw the role of simulation as being a useful adjunct to 
(rather than replacement of) traditional methods of training. They felt the 
addition of simulation training to the surgical curriculum would benefit 
trainees. These positive attitudes provide initial support for the hypothesis 
that low-fidelity simulation training is acceptable to gynaecology trainees.  
 
For the first time it was documented that the uptake of simulation training in 
gynaecology in Australia was extremely limited. Considering the evidence for 
the value of training published in the literature, a greater uptake may have 
been expected. Clearly there are major challenges to implementing 
simulation training. The survey exposed the major barriers as lack of time, 
limited access to simulation, no supportive curricula and cost. Addressing 
these barriers may lead to the benefits of simulation training being realised 
for gynaecology trainees. This is crucial considering the apparent deficiencies 
in training.  
 
The survey findings indicated that simulation was not well accepted by 
gynaecology trainees. However, the positive attitudes demonstrated towards 
simulation and its role in training indicate that if the major barriers are 
addressed through options such as low-fidelity simulation, it could be an 
acceptable method of surgical training in gynaecology.  
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2. Is low-fidelity simulation effective in training both laparoscopic and non-
laparoscopic procedures in gynaecology? 
Support for the hypothesis that low-fidelity simulation leads to demonstrable 
improvements in surgical performance for gynaecology trainees arose from 
multiple sources. Firstly in this thesis a LLETZ procedure simulator was 
evaluated. The simulator enabled doctors to perform simulated LLETZ 
procedures and reflected their skill level. Objective measures of trainee 
performance in LLETZ procedures improved in the period following the 
implementation of the low-fidelity LLETZ simulation-training program. This 
was the first time real-procedure outcomes have been evaluated in relation to 
LLETZ simulation training. These evaluations provided important evidence for 
the efficacy of low-fidelity simulation training beyond laparoscopic procedures.  
 
Gynaecology trainees also demonstrated improvements in simulated surgical 
performance tasks following participation in a laparoscopic simulation 
program. The program utilised take-home simulators to overcome known 
barriers to simulation training and demonstrated this strategy for 
implementation was effective. This type of training had never been tested for 
gynaecology trainees in Australia. This result supported the hypothesis that 
low-fidelity simulation leads to demonstrable improvements in surgical 
performance for gynaecology trainees.   
 
Key to findings demonstrating the efficacy of these methods of low-fidelity 
simulation was that the research was conducted in the practical setting. Both 
the LLETZ and take-home box trainer programs were integrated with routine 
training and alongside clinical duties. Performance improvements were seen 
despite the fact that the training occurred outside of simulation laboratories or 
rigid experimental design. A range of objective performance measures 
supported the efficacy of training and (for the first time in research on LLETZ 
procedures) improvements were seen in real-procedure outcomes that are 
clearly linked to patient safety and wellbeing.  
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3. Is low-fidelity simulation, when implemented in both laparoscopic and 
non-laparoscopic procedures, acceptable to gynaecology trainees? 
Trainees appeared to benefit from low-fidelity simulation when it was 
integrated as part of their training. The training was designed to overcome 
important barriers to simulation training, yet the research revealed the 
trainees experienced numerous ongoing and additional challenges that 
prevented training. 
 
Trainees found the implementation of LLETZ simulator training to be 
inconvenient and limited time prevented them from training. Trainees revealed 
their actual use of the simulator was less than directed by the program. This 
suggests these barriers were not overcome, despite the trainees giving 
positive feedback about the benefits of the training. They found the simulator 
realistic, useful for training and were motivated by supervision and 
involvement of faculty staff. It was apparent that these positive attitudes and 
program attributes were insufficient to promote consistent practice and 
potentially the full effect of training was not seen.  
 
Similarly to the LLETZ program, practical use was less than anticipated when 
voluntary practice was encouraged out-of-hours during the take-home box 
trainer program. Consequently it was considered that there were unidentified 
barriers to training impacting on the acceptability of this simulation training to 
trainees. Detailed analysis of trainee attitudes towards simulation, and 
barriers and motivators to training, was performed. This analysis uncovered a 
range of specific drivers of behaviour. A lack of real operating, feelings of 
inertia, underutilisation of logbooks, restrictions related to the “busy doctor” 
role and a variety of competing life priorities prevented trainees from engaging 
with low-fidelity simulation.  
 
Overall, this research has revealed a range of factors impacting on the 
acceptability of simulation training to trainees in gynaecology. The literature 
hinted at likely barriers to simulation acceptability; cost, accessibility, time, 
lack of supportive curricula. These were confirmed in the survey in this 
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research. Low-fidelity simulation programs were designed to overcome these 
barriers and the succeeding evaluation of participant experiences revealed 
the barriers were not limited to these concepts. Trainees in gynaecology feel 
positively towards simulation and believe that it can improve their skills. They 
see a role for simulation as part of their training. However, they express 
reluctance for simulation training to take away from clinical learning or real 
procedure opportunities. They have limited time in-hours to include simulation 
training as part of their role. Out-of-hours, competing work and life duties limit 
opportunities for voluntary training. Simulation is not prioritised by trainees 
compared to these other tasks. They experienced inertia to train and did not 
practice with their simulator as much as they intended. Trainees are motivated 
to train by supervision and curriculum tasks and goals. In a voluntary 
curriculum, these motivators were not ample to overcome the barriers. The 
research suggested that these attitudes towards simulation need to be 
addressed with targeted strategies to improve the acceptability of the method 
to trainees. An evidence-based approach to behaviour change interventions 
was utilised to suggest future strategies to improve the acceptability of low-
fidelity simulation to trainees. 
 
8.2. Implications of the research findings 
The literature had suggested some consistent barriers to implementing 
simulation training. To address these barriers of time, cost and accessibility, 
low-fidelity simulators were tested in integrated surgical curricula. The 
programs studied used methods suitable for a variety of hospitals and training 
settings. Research in this thesis demonstrated that trainees improved their 
laparoscopic skills over a number of simulated tasks following training. 
Furthermore, objective patient-related procedural outcomes improved 
following a LLETZ simulator program. The positive outcomes demonstrate the 
methods of low-fidelity simulation are effective in improving trainee surgical 
performance.  
 
Low-cost, accessible models for surgical simulation can be used to improve 
surgical performance. Trainees can voluntarily train outside of hours and 
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appreciate improved performance. Gynaecology training has recognised 
deficiencies secondary to large trainee numbers, reduced work hours and 
limited real-procedure opportunities. There is a need for these alternative 
means of training. While simulation is a recognised alternative to real-
procedure training, the actual implementation is limited in Australia and the 
literature highlights difficulties with successfully integrating simulation 
programs. The methods of low-fidelity simulation described in this thesis can 
contribute to filling the training gap.  
 
This thesis also focused on understanding and evaluating the acceptability of 
low-fidelity simulation to gynaecology trainees. Barriers to implementation 
were anticipated and training was designed to overcome the expected 
barriers of time, cost and accessibility of simulation. Regardless, utilisation of 
the simulators was suboptimal. A more detailed understanding was pursued, 
as targeting imprecise barriers such as “limited time” appeared flawed. It was 
suspected the practical barriers to use were multifactorial. Trainees 
experienced barriers from social, work and training-culture perspectives. 
Research in this thesis uncovered a range of barriers and motivators to 
training. Trainees identify as busy doctors, whose work and life demands 
mean that simulation training is not prioritised despite their belief that it 
benefits skill development. A range of strategies was generated using 
recognised behaviour change techniques to improve the acceptability of low-
fidelity simulation for gynaecology trainees.   
 
8.3. Strengths of the research  
There were numerous strengths to the research in this thesis. The research 
addressed gaps in the literature in terms of the efficacy of low-fidelity 
simulation in areas of gynaecology, as well as the acceptability of this training. 
This was significant given the apparent lack of integration of simulation 
training. 
 
The initial survey, for the first time, gained important baseline information 
regarding the current uptake of simulation in gynaecology in Australia and the 
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existing attitudes. This is essential information from which to plan 
implementation strategies. The strengths of this study were the large number 
of participants and the broad range of participants invited, which included the 
stakeholders in training; both trainees and their supervisors. The survey used 
both ranking scales and open response format questions, allowing the 
triangulation of data to provide support for the findings.  
 
Following the survey, studies were performed to evaluate the efficacy and 
acceptability of low-fidelity simulation in both laparoscopic and non-
laparoscopic procedures. Testing across the two different skill sets deepens 
the evidence for the role of simulation in gynaecology and improves the 
generalizability of the findings.  
 
A low-fidelity simulator for a LLETZ procedure was evaluated, including the 
integration in training. Sources of validity were gathered. Such assessments 
had never before been published and the findings provide support for the 
efficacy and acceptability of this method of training. The strength of the 
validity assessments lies in the participant selection; using only doctors 
(rather than comparing medical students to doctors, where greater 
performance differences would be expected) across three levels of skill. 
Demonstrating a difference in simulator performance across three levels of 
(assumed) skill is more difficult to show than a comparison of junior trainees 
to experts. This detailed assessment suggests the low-fidelity simulator allows 
the performance of a LLETZ procedure similar to real-surgery. Participant 
feedback was gathered and demonstrated positive appraisals of the simulator. 
Again, triangulation of the ranked responses and open response format 
questions provides strength to the finding that the low-fidelity simulator was 
acceptable to trainees.  
 
Real procedure outcomes were also evaluated following LLETZ simulator 
training. This type of translational outcome is rarely demonstrated in 
simulation research. Overall the research has demonstrated validity sources 
for the LLETZ simulator, acceptability of the simulator in training and patient-
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related outcome improvements following training. This research provides new 
and important evidence for the role of low-fidelity simulation in gynaecology.  
 
The use of low-fidelity simulation in laparoscopic procedures was tested 
through a program of portable simulators. Again, the research design focused 
on implementing the simulator program in a manner that was integrated with 
routine training. The benefits of this program design are that it is practical and 
could readily be used by other training centre, which increases the 
applicability and generalizability of the findings. The program tested 
performance outcomes on virtual reality simulators, which have been used in 
previous literature and considered to be a valuable surrogate for real-
procedure outcomes (where obtaining these is not possible).62, 133, 160 
Importantly, improvements in procedure times coincided with reductions in 
error rates, suggesting that the time reduction is due to increased economy of 
movement, familiarity with anatomy and instruments or fewer errors, rather 
than poor technique or missing critical steps.61 Improvements seen in 
laparoscopic skills support the efficacy of this method of low-fidelity training.  
Additionally, the simulation training was examined as part of a trainee-centred 
program allowing participants to train in their own time. Seeing improvements 
with this training supports the efficacy of the integration of low-fidelity 
simulation, rather than merely a training effect from practice in a controlled or 
simulation-laboratory environment. This research presented therefore 
provides a much-needed demonstration of practical implementation of a low-
fidelity method of simulation training that is effective in improving surgical 
skills, whilst being feasible to run across a range of training centres.  
 
The final study provided an in-depth analysis of trainee attitudes towards the 
low-fidelity laparoscopic simulation program and detailed issues with trainee 
engagement. The strengths of this study were the evidence-based systematic 
analysis of the generous qualitative data obtained. Data saturation was 
reached in the interviews and novel themes were identified as barriers to the 
simulation training that had not been anticipated from reviewing existing 
literature. A systematic process was followed to classify themes to the TDF 
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and recognise appropriate behaviour change processes. This process 
enabled the identification of targeting interventions for the barriers to program 
engagement.  
 
This research provided key information about the acceptability of low-fidelity 
simulation for gynaecology trainees.  Furthermore, the methodology applied 
enabled the identification of key strategies to implement in future programs to 
optimise trainee engagement with simulation training. The findings may be 
relevant to similar surgical training programs to provide direction on 
successful curricula design.  
 
8.4. Limitations to the research  
A recognisable limitation to this body of research was the limited number of 
trainees available to participate in studies of simulation training. The research 
was designed to evaluate the efficacy and acceptability of low-fidelity 
simulation by examining the implementation of methods of simulation in a 
practical context. In this context, there are a limited number of trainees in 
gynaecology in any one centre (approximately 16 per year at the study 
institution, one of the largest in the state). Multi-centre studies are impractical 
for numerous reasons such as differing institution governing bodies, training 
priorities, availability of training equipment, funding of training and trainee 
rostering. Due to the limitation of participant numbers, randomised controlled 
or comparison studies were not possible. Randomised controlled trials are 
infrequent in medical education research and when they are performed they 
are frequently underpowered.275 Medical professionals are moving through 
their training in real-time, at differing rates based on opportunistic experience, 
making randomisation in the clinical setting flawed.276 Furthermore, a 
randomised controlled trial would demand clear inclusion/exclusion criteria 
and identical interventions, likely provided by multiple trainers; features 
unrealistic to attain in the clinical setting.276 Randomisation in the clinical 
setting can reduce unequal allocation of baseline participant characteristics, 
but can not control for other sources of error or variance in the intervention, so 
applying this strategy to medical education research and presuming such 
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errors are “controlled” is flawed.276, 277 Participants cannot be blinded to their 
intervention and information sharing, Hawthorne/observational effect, and 
individualised training exposures compromise the value of randomisation.276 
Experts in medical education research consider non-randomised studies as 
not inferior to randomised ones.276, 278 Therefore cohort studies, with a 
pragmatic design, were necessary for the clinical context. Ultimately the 
pragmatic design of the studies improves generalizability, at the expense of 
optimal internal validity.279 Accordingly, the findings must be considered as 
potentially related to non-simulation training or unidentified confounders. 
These potential confounders were considered for in both the studies of 
laparoscopic simulation training and the non-laparoscopic LLETZ simulation 
training.  
 
In studying the LLETZ simulator, the pre-training group served as a historic 
comparison. There was no evidence to suggest a difference in trainee skill 
causing improved outcomes in the post-training group with simular seniority of 
the trainees in each group. The non-trainee senior clinician group served as a 
control, as over the same time periods they did not demonstrate improved 
performance outcomes, reducing the likelihood that certain demographic or 
system changes at the patient or health-service level were responsible for the 
positive outcomes. Due to the short period of time trainees spend at one 
institution (usually 12 months or less) and the need for trainees to rotate to 
different roles and responsibilities within the service, it was also not possible 
for them to serve as their own controls (performing a single cohort pre- versus 
post-training comparison). Furthermore, only a portion of the total trainees at 
the institution actually were allocated to operating lists where LLETZ 
procedures were performed, further reducing the sample size available to 
study. Ultimately the limitations of studying simulation training where 
implementation is performed as part of clinical training necessitated pragmatic 
research design. This is particularly true in the chosen research area; low-
fidelity simulation for gynaecology training. As evidenced by the survey 
findings (outlined in Chapter 3) there is minimal adoption of simulation as part 
of supported curricula in gynaecology training across Australia. Before larger 
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studies can be performed to confirm the findings presented in this thesis, it is 
necessary to test low-fidelity simulation methods using these best-possible 
research designs to gain initial evidence of their efficacy and acceptability. 
The research performed and positive findings achieved may foster future 
multi-centre research, enabling a larger group of trainees and alternative 
study designs.  
 
Similar to the LLETZ study, it was not possible to perform a randomised 
controlled study to investigate the efficacy of low-fidelity laparoscopic box 
trainers. It is acknowledged that other training may have influenced 
performance improvements. However, as outlined in section 6.4 the 
significant performance improvements were seen in both the 2015 and 2016 
cohorts (despite the short duration of the 2015 program) and it did not appear 
that trainees practiced the outcome assessment tasks during the program, 
which would lend to a familiarisation or rehearsal effect. Additionally trainees 
who logged more practice time trended towards greater performance 
improvements than those who trained less. Considering all these factors it is 
reasonable to conclude that the simulation training influenced outcomes. 
Though the capacity for low-fidelity laparoscopic training to improve 
performance is reasonably established, the research presented in this thesis 
has demonstrated efficacy in the context of integration alongside routine 
training. The research was able to demonstrate the efficacy of simulation with 
pragmatic implementation, outside of simulation laboratory and without the 
support of well-established mandated programs. Considering the lack of 
evidence for program design and integration of simulation, particularly in 
gynaecology, this research contributes significantly to the literature. 
Furthermore, a range of institutions could implement the practical low-fidelity 
program. The use of clinician participants clearly reduces the number of 
available participants for the studies. However, the use of clinicians is justified 
by increasing the relevance of findings to the population of interest 
(gynaecology trainees).  
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Further limitations of the research are a difficulty in generalising the findings to 
gynaecological or non-gynaecological procedures not studied. However the 
process outlined for simulator selection, collection of validity evidence, 
implementation and evaluation could be followed for more procedures or in 
other centres to continue to understand the value of low-fidelity simulation. It 
is also possible that certain features of the study institution may have 
influenced the findings, such as demographics of staff and patients, 
resources, workloads and sociocultural attitudes towards education and 
research. Simply transplanting a simulator, without the necessary support 
personnel, may not lead to the performance improvements anticipated. 
Generalisability was improved by the choice to integrate low-fidelity models, 
with their reduced cost and improved accessibility, particularly for regional 
hospitals or those lacking funding for such programs.  
 
8.5. Recommendations for future simulation curricula design 
This research has provided evidence for the efficacy of low-fidelity simulation 
for both LLETZ procedures and laparoscopic skills in gynaecology training. Of 
significance is that the effect was found when the simulation was applied as 
part of a curriculum; implemented for trainees amongst their clinical practice 
and routine learning. In the concurrent evaluations of acceptability, it was 
found that gynaecology trainees had positive attitudes towards simulation and 
its potential role in their training. Positive evaluations of the simulators and 
their implementation provide support for the acceptability of low-fidelity 
simulation. However, despite positive attitudes, there were significant barriers 
to engagement with the simulation training programs. This signals ongoing 
challenges in integrating this form of training. Regarding the LLETZ simulator 
program, trainees found the simulator inconvenient to set up and they were 
prevented from training by limited time. Simulator use was associated with 
reductions in operative time, which may justify the time spent training. 
Assessing this time saving over a longer time period may assist in convincing 
both trainees and their supervisors of the value in protecting time for training. 
Consideration of re-configuring the training space to improve convenience 
may overcome this additional barrier to training. The trainees found the 
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involvement of supervisory clinicians to be motivating and enabling of training. 
This highlights the importance of faculty involvement.  
 
The portable laparoscopic training program revealed numerous previously 
under recognised impacts on trainee motivation and capacity to practice using 
simulation. The previously found barrier of a lack of time was reinterated in 
this research, as were the barriers of difficulty with laparoscopic equipment, 
task relevance and poor motivation. Barriers not previously detailed in the 
literature were inability to leave the trainer assembled, a lack of clinical 
operating, poor logbook compliance and feeling the responsibility for training 
lies with the training institution over ones’ self. Trainees considered 
themselves time poor, were affected by procrastination and feelings of inertia 
and had competing life priorities. Trainees felt their role as a “busy doctor” and 
numerous duties, directly and indirectly related to patient care (such as 
research, audit, guideline authorship) prevented additional training. Future 
low-fidelity simulation programs should seek to address these identified 
barriers to training. A trainee-centred curriculum is suggested and should be 
supported with supervision and complementary in-hours practice. Providing 
additional education to trainees regarding the benefits of simulation may 
promote engagement. Furthermore, training may be incentivised with 
behavioural reinforcement in the form of rewards for achievement, trainee 
contracts and goal setting. It is proposed that these strategies be adopted in 
future programs to improve the acceptability of low-fidelity simulation.  
 
8.6. Implications for future research 
The research highlighted the need to understand more about the acceptability 
of this training, with suboptimal use of simulation noted, despite the literature 
(and study findings) suggesting positive effects on performance. The research 
identified previously unrecognised barriers to training. Numerous suggestions 
have been made as strategies to optimise the acceptability of simulation 
programs in the future. More research is required to understand if these 
methods, informed by a theory-driven process, lead to improved engagement. 
Program redesign to optimise integration, should be accompanied by ongoing 
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evaluation of both the effectiveness of the training for surgical performance 
improvements, as well as the acceptability of the programs to trainees. 
Furthermore, trialling these programs at other training sites would allow an 
exploration of the applicability of these strategies to a variety of institutions. 
Multi-centre studies may also provide a larger number of participants and 
enable control comparison studies.  
 
8.7. Conclusion 
Gynaecology trainees are facing reduced surgical opportunities for training 
and their confidence and competence to perform surgery appears concerning. 
Simulation is necessary to explore for its likely benefit for surgical skill 
development of gynaecology trainees. The demonstrated benefits of 
simulation training have not been met with the expected uptake in surgical 
curricula. The formal uptake of simulation in gynaecology in Australia appears 
low and is not supported by appropriate curricula or supervision. There are 
barriers to training such as time, cost and access to equipment. Using low-
fidelity simulation is a strategy to promote the successful implementation of 
simulation training due to its low cost and accessibility. However, the range of 
low-fidelity simulators used in gynaecology is minimal and the available 
simulators are not being integrated successfully. This thesis has 
demonstrated the successful evaluation of a low-fidelity LLETZ procedure 
simulator, provided evidence it is effective and acceptable for training and 
revealed improved real-procedure outcomes following simulator training. A 
program using portable laparoscopic simulators demonstrated trainees 
improved their laparoscopic skills after training in their own time at home.  
 
Suboptimal simulator use was unfortunately pervasive across both simulator-
based programs, despite attempting to integrate the simulators in an 
accessible nature. Trainees revealed they were discouraged by a lack of real 
operating and feelings of inertia. They underutilised logbooks and were 
restricted by the “busy doctor” role and a variety of competing life priorities. 
The acceptability of simulation training appears limited for trainees during 
practical implementation. Program design should be altered to address 
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participant attitudes and barriers. Using recognised behaviour change 
techniques may improve trainee engagement. Strategies proposed include 
education regarding the principles behind simulation, goal setting, protected 
time in hours, a trainee-centred curriculum, rewards for achievement, 
personal trainee contracts, supervision and the provision of feedback. 
Adoption of such strategies in simulation-based programs may improve 
trainee engagement and adherence to training. Improving the acceptability of 
low-fidelity simulation programs will likely lead to wider adoption of this 
method of surgical training. This would allow the benefits of low-fidelity 
simulation to be realised, promoting alternative means of surgical training in 
gynaecology and improving trainee surgical skill outside of the constraints of 
the operating theatre.  
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Appendix 3: Simulator features that contribute to realism and 
acceptability 
This research has been published in Advances in Simulation184 
 
I significantly contributed to the research in this paper, which is partially 
reproduced in this appendix. I contributed to the conception and design of the 
project, with assistance from co-authors. David Hewett provided specific 
guidance on study design and planning the analysis. I performed the majority 
of the data collection, along with Sarah Janssens. I performed the statistical 
analysis with assistance from Michael Beckmann. I wrote the paper and 
performed the edits and revisions for publication, with assistance from co-
authors who contributed in the editing phase.  
 
Wilson E, Hewett DG, Jolly BC, Janssens S, Beckmann M. Is that realistic? The 
development of a realism assessment questionnaire and its application in appraising 
three simulators for a gynaecology procedure. Advances in Simulation. 2018; 3: 21.   
 
 
Introduction 
A study was performed, which complemented the work presented in this 
thesis, with the aim of exploring how elements of simulator design contributed 
to the acceptability of a simulator. The study was designed to assess user 
impression of simulator realism and performance, considering aspects of 
simulator structural and functional fidelity. As no there was no tool that existed 
to meet this purpose, the study also aimed to develop and test a simulator 
realism questionnaire for its ability to discriminate between simulation models. 
Global (non-procedure-specific) questions were included in the assessment 
survey with the aim of evaluating if these questions were similar to procedure-
specific questions in relating to participant perceptions of realism (and could 
potentially be used in a generic simulator realism questionnaire).  
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Method 
A realism questionnaire (Figure 1) was designed, applied, and analysed for 
the technical procedure of intrauterine contraceptive device (IUCD) insertion. 
Insertion of IUCD was chosen as it is a quick, simple procedure that would 
reasonably be practiced by doctors of varying experience (to capture a cross-
section of clinicians) and multiple simulators are available for the procedure. 
This study was approved by the institution’s Human Research Ethics 
Committee to meet the requirements of low and negligible risk research.  
 
Questionnaire Design: 
A questionnaire was designed for this study following a review of the literature 
as no current tool was deemed appropriate for the study aim.  One generic 
simulation experience scale (MiSSES)280 was identified, but simulator fidelity 
was only one aspect of a larger template and it was not evaluated for its ability 
to discriminate between simulators.   
 
Questionnaire design was informed by a review of the literature (and is similar 
to existing published questionnaires, such as those used to assess 
colonoscopy simulators281 and percutaneous renal access282). As the 
identified published questionnaires were procedure specific281-286, the 
questionnaire for this study was designed to contain both procedure-specific 
and generic items, with the objective of informing future development of a 
generic realism assessment tool. The individual items related to IUCD 
insertion were derived from a semi-structured interview of specialist 
gynaecologists, in-line with one study which described a methodology for 
devising the questionnaire items.284 In this interview, six gynaecology 
specialists were provided with an example questionnaire and were joined by a 
study investigator in a detailed discussion the key steps of IUCD insertion, as 
well as the features of a simulator considered to be relevant for the procedure. 
The final questionnaire items were chosen by consensus and pilot tested.  
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Items in the questionnaire were grouped in subscales similar to a previous 
publication.281 The subscales included four aspects of simulator anatomical 
structure (in terms of “appearance”, “feel”, “response to instruments”, 
“accuracy” of composition) and five aspects of simulator function (including 
“action” of the tissue, replication of “procedural steps”, “vision”, “set-up” and 
“perform procedure overall”). Additional items in the survey assessed the 
user’s overall impression of the simulator. These items were the overall 
realism, value for training and value for assessment. Within each subscale 
was a global question, designed to be a single non-procedure-specific 
question to address the same aspects of simulator realism as the procedure-
specific questions in the corresponding subscale. Correlation between global 
and procedure-specific items was intended to assess the validity of global 
components of the questionnaire. With each item in the questionnaire, a 
corresponding importance scale was included to capture user perceptions of 
the importance of each simulator feature in contributing to their assessment of 
simulator performance, similar to a previous publication of colonoscopy 
simulators.281 
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Figure 1: Realism questionnaire 
Scoring  
A seven-point likert-type scale was used to rate realism across each item, 
from 1 being “absolutely not realistic or not applicable to simulator” to 7 
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“absolutely realistic”. The questionnaire used 7 point likert items chosen due 
to related research283-286, similar reliability to 5-point scales, to reduce 
interpolations (in the non-electronic format of the questionnaire) and to 
capture more sensitive degrees of assessment.170 
 
Simulation models: 
Three simulators were investigated for realism assessment for IUCD insertion 
(see Figure 2). Models were chosen that appeared to differ in realism without 
being obviously superior for training and represented the spectrum of IUCD 
insertion models available at the institution. The first model, the “Flat Uterus 
Model” was a clear plastic circular representation of the cervix and uterine 
cavity allowing visualisation of the IUCD insertion, but without further 
anatomy. The second model, the “Desktop Uterus Model” also contained a 
clear plastic window into the uterine cavity representation as well as 
structures representing the vagina and a speculum. The third model chosen, 
the “Pelvic Model” (ZOE Gynecologic Simulator; Gaumard Scientific®) was an 
opaque pelvic anatomy simulator (capable of being a simulation model for 
multiple procedures including IUCD insertion) that included a vulva, vagina, 
cervix and uterus, but not allowing visualisation of the uterine insertion of the 
device.  
 
 
Figure 2: Simulator models  
 
Participants: 
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Participants were doctors working at a large tertiary hospital in Brisbane. 
Doctors were from a range of experience levels that would reasonably be 
expected to attempt an IUCD insertion. Doctors were recruited via hospital 
education sessions. A convenience sample was used for this study. Previous 
studies have also used convenience samples.281-284 No a priori calculations 
for power were made due to a lack of relevant literature to guide a likely 
realism score difference. 
 
Basic demographic details were obtained from the participants such as age, 
training level and the number of times the participant has previously 
performed the procedure. The number of times a procedure has previously 
been performed will be used to assist in clarifying the level of experience of a 
participant, and whether this impacts on the perceived realism and 
acceptability of the simulator.  
 
Procedure: 
Doctors were informed of the purpose of the study and given verbal and 
written instructions for completion. The doctors performed an IUCD insertion 
on each of the three simulators and completed the realism questionnaire after 
each model. Participants performed the IUCD insertions beginning with 
different models. At the end of the three models, participants completed the 
questions related the importance of each of the features of the simulator. 
Questionnaires from participants who were unable to complete all models in 
the allocated time were kept in the final analysis if all items for a selected 
model were completed. The decision was made to include these 
questionnaires if a single model was evaluated as the assessment order was 
random and there was no intent for the evaluation of one model to be 
influenced by another, meaning single evaluations were as relevant as those 
who evaluated all models (as they would have started with a single model to 
evaluate).   
 
Statistical analysis 
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STATA software was used to analyse the data.  
• Realism assessment tool evaluation: 
o Mean scores for all procedure-specific items in each subscale 
(not including the global question) were determined, to create a 
“mean subscale score” for each of the nine subscales. The 
global question scores for each subscale were compared to the 
mean subscale scores by Pearson’s correlation. Both the global 
and mean subscale scores were compared to the overall 
performance score by Pearson’s correlation.  
o Cronbach’s alpha was used to calculate the inter-rater reliability 
in the questionnaire for each model, after transposing the data 
so scores for each of the models were arranged with one 
column per rater.   
o A principle components factor analysis was performed with the 
intention of data reduction and identifying any underlying 
common factors based on correlations between the variables (in 
this case, common elements of a simulator that were related to 
underlying components of the simulator realism).    
• Assessment of simulator realism: 
o Mean scores for the global items of each subscale, overall 
realism, value for training and value for assessment items were 
compared by ANOVA as an omnibus test for significance and if 
detected, followed with between model pairwise comparison of 
means with Sidak correction.  
o ANOVA was used to evaluate the relationship between 
experience and overall realism scores.  
o The mean scores for the importance rating in each subscale 
were used to assess differences in the participant-rated 
importance of aspects of simulator design. Participant 
importance scores for subscales related to structure (1-4) were 
compared to those related to simulator function (5-9) using a 
paired t-test. Analysis of relationship between number of 
previous insertions and participant role to importance scores 
was performed using ANOVA. 
 
Results 
The three simulators were assessed by 38 participants who returned 110 
realism assessment questionnaires. Three participants did not complete all 
three models as four individual simulator blank assessments were returned. 
Participant’s role, age and experience are outlined in Table 1.  
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Table 1: Participants 
Participant Role Number of Participants 
Age 
mean 
(SD) 
Number of 
Previous IUCD 
insertions 
</=20 21-
50 
>50 
Medical residents 19 26.9 
(4.0) 
19 0 0 
Obstetric and 
Gynaecology Trainees 
17 32.8 
(3.5) 
5 4 8 
Obstetric and 
Gynaecology Specialists 
2 42 (2.2) 0 0 2 
Total 38 30.4 
(5.5) 
24 4 10 
 
Realism Assessment Tool Evaluation: 
Global item correlation 
Global question scores were highly related to the mean subscale scores for 
each corresponding subscale. Pearson’s correlation coefficients were greater 
than .80 (P<0.001) for all comparisons (greater than 0.90 for 6 of the 9 
subscales). The global items and the mean subscale scores were both 
strongly related to the overall realism score (see Table 2).  
 
Table 2: Correlation of Global Items to Procedure-Specific Items, Overall 
Realism, Value for Training and Assessment  
 
 
Subscales Subscale Scores 
r= 
Global item for 
each subscale 
r= 
Mean subscale 
score 
r= 
1. Appearance .87 .76 .80 
2. Feel .90 .85 .85 
3. Response to 
Instruments 
.91 .84 .87 
4. Accuracy .95 .88 .87 
5. Action .97 .76 .76 
6. Procedural 
steps 
.87 .85 .80 
7. Vision .81 .77 .83 
8. Set up .94 .81 .86 
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Inter-rater reliability 
The inter-rater reliability for the questionnaire was high; α=0.96 for the Flat 
Uterus Model, α=0.95 for the Desktop Uterus Model and α=0.93 for the Pelvic 
Model.  
 
Factor analysis 
Principle components factor analysis was attempted. Progressive reduction 
was performed by eliminating variables with an Eiger value <0.5. This process 
suggested a single factor, and thus the factor analysis was not able to reduce 
the survey responses.  
 
Realism assessment: 
Due to the strong correlation between global item scores and procedure-
specific items in the subscales as well as overall impression items, global item 
scores were subsequently chosen to analyse the participant’s perceived 
realism of the simulators.  
 
Subscale scores: 
Global item realism subscale scores were significantly different across models 
on each of the 9 subscales (P<0.001). Subsequent analysis revealed the 
Desktop Uterus Model had significantly higher scores than the Flat Uterus 
Model across all subscales (P<0.001). The Pelvic Model had significantly 
higher scores than the Flat Uterus Model on all 9 subscales (P<0.001), and 
9. Perform 
procedure 
.94 .92 .86 
Overall 
Impression 
items 
Global item 
correlation to 
procedure-
specific item for 
each score 
Overall realism .95 
Value for 
training 
.97 
Value for 
assessment 
.97 
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similar scores to The Desktop Uterus Model in six of the nine subscales (see 
Table 3).  
 
Table 3: Realism (global item) scores by model 
 Questionnaire Scores 
Mean, Standard Deviation, Median 
Comparison by 
Simulator 
(Sidak Correction) 
1 
Flat uterus 
model 
2 
Desk top 
uterus model 
3 
Pelvic model 
1v2 1v3 2v3 
Realism Subscales 
1. Appearance 1.8, 1.4, 1 4.4, 1.3, 5 5.4, 1.2, 5 <0.00
1* 
<0.00
1* 
0.005
* 
2. Feel 1.7, 1.1, 1 4.3, 1.3, 4 4.9, 1.2, 5 <0.00
1* 
<0.00
1* 
0.140 
3. Response to 
Instruments 
1.8, 1.2, 1 4.6, 1.3, 5 4.9, 1.2, 5 <0.00
1* 
<0.00
1* 
0.716 
4. Accuracy 1.8, 1.1, 1 4.7, 1.1, 5 5.4, 1.2, 6 <0.00
1* 
<0.00
1* 
0.017
* 
5. Action 1.2, 0.5, 1 3.5, 1.7, 3.5 4.0, 1.6, 4 <0.00
1* 
<0.00
1* 
0.439 
6. Procedural 
Steps 
2.5, 1.4, 2 4.9, 1.3, 5 5.6, 1.3, 6 <0.00
1* 
<0.00
1* 
0.091 
7. Vision 2.9, 1.6, 3 5.1, 1.2, 5 5.5, 1.0, 6 <0.00
1* 
<0.00
1* 
0.443 
8. Set Up 2.1, 1.0, 2 4.2, 1.5, 4 5.0, 1.5, 5 <0.00
1* 
<0.00
1* 
0.042
* 
9. Perform 
Procedure 
2.2, 1.3, 2 4.7, 1.2, 5 5.3, 1.3, 6 <0.00
1* 
<0.00
1* 
0.209 
Overall Impression 
Overall Realism 1.9, 1.2, 2 4.3, 1.4, 5 5.0, 1.3, 5 <0.00
1* 
<0.00
1* 
0.094 
Value for 
Training 
3.6, 2.0, 4 5.4, 1.3, 6 6.1, 1.0, 6 <0.00
1* 
<0.00
1* 
0.129 
Value for 
Assessment  
2.6, 1.9, 2 4.7, 1.7, 5 5.8, 1.2, 6 <0.00
1* 
<0.00
1* 
0.017
* 
* P<0.05 
 
Overall Realism: 
The overall realism item scores were significantly different across the models 
(P<0.001), with pairwise comparison revealing the scores for the Desktop 
Uterus Model and the Pelvic Model were significantly higher than the Flat 
Uterus Model, but a non-significant difference between the Pelvic and 
Desktop Uterus models (Table 3). There was no significant relationship 
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between participant role (F(2,105) = 1.39, P=0.25) or number of previous 
IUCD insertions (F2,105) = 2.48, P=0.09) and scores for overall realism.   
 
Simulator performance for Training and Assessment: 
There was a significant relationship between simulators and performance for 
training and assessment item scores (P<0.001).  The Pelvic Model and 
Desktop Uterus Model received significantly higher scores for value for 
training than the Flat Uterus Model (Table 3), with no significant difference 
between the Pelvic and Desktop Uterus Models. For the assessment item, the 
scores for the Pelvic Model were significantly higher than both the Flat and 
Desktop Uterus Models. 
 
Importance scale 
Importance scale data were returned blank for 10 participants, leaving 28 
completed importance scale assessments for analysis. Lower importance 
scores were found for structure items related to the realism of the appearance 
of the anatomy and the feel of the anatomy (Figure 3). The realistic action of 
the tissue was the lowest rated function item.  Higher importance scores were 
related to function items (such as the ability of the simulator to be realistic in 
performing the procedure overall, providing realistic vision and procedural 
steps. The mean importance of subscales 1-4 (structure subscales) was lower 
than the mean of subscales 5-9 (function subscales); (5.02 versus 5.36, 
P=0.009).  
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Figure 3: Importance scores for features of the simulators 
 
No significant differences were found between the importance score ratings of 
participants from different experience levels (see Table 4). 
 
Importan
ce Scale 
Score by Role 
mean (standard deviation) 
ANOV
A 
P 
value 
Score by number of previous 
insertions 
mean (standard deviation) 
ANOV
A 
P 
value Medical 
resident
s 
O&G 
Trainees 
O&G 
Speciali
sts 
</=20 21-50 >50 
1 4.5 (1.2) 4.9 (1.1) 4.3 (0) 0.66 4.5 (1.2) 4.9 (1.1) 4.3 (0) 0.66 
2 4.9 (1.2) 5.3 (0.9) 5.3 (0) 0.68 4.9 (1.2) 5.3 (0.9) 5.3 (0) 0.68 
3 5.2 (1.0) 5.6 (1.1) 5 (0) 0.61 5.2 (1.0) 5.6 (1.1) 5 (0) 0.61 
4 5.4 (1.3) 5.2 (1.1) 6 (0) 0.74 5.4 (1.3) 5.2 (1.1) 6 (0) 0.74 
5 5 (1.1) 5.2 (0.8) 5 (0) 0.89 5 (1.1) 5.2 (0.8) 5 (0) 0.89 
6 5.5 (0.9) 5.5 (0.7) 4.5 (0) 0.52 5.5 (0.9) 5.5 (0.7) 4.5 (0) 0.52 
7 5.4 (1.0) 5.7 (1.1) 5 (0) 0.67 5.4 (1.0) 5.7 (1.1) 5 (0) 0.67 
8 5.4 (0.7) 5.5 (1.2) 4.5 (0) 0.62 5.4 (0.7) 5.5 (1.2) 4.5 (0) 0.62 
9 5.6 (0.8) 5.7 (1.2) 6 (0) 0.90 5.6 (0.8) 5.7 (1.2) 6 (0) 0.90 
Mean 
structure 
5.0 (1.0) 5.3 (1.0) 5.1 (0) 0.85 5.0 (1.0) 5.3 (1.0) 5.1 (0) 0.85 
Mean 
function 
5.3 (0.7) 5.4 (0.8) 5 (0) 0.86 5.3 (0.7) 5.4 (0.8) 5 (0) 0.86 
 
Table 4: Importance score ratings by participants of varying role and 
experience 
1 2
3 4 5 6 7 8
9
1
2
3
4
5
6
7
M
ea
n 
S
co
re
Mean Importance Scores by Subscale
1. Appearance 2. Feel
3. Response to instruments 4. Accuracy
5. Action 6. Procedural steps
7. Vision 8. Set up
9. Perform procedure
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Given the low frequency of responses for specialists (n=1), the roles were 
regrouped into two groups (first of medical residents and the second of 
trainees and specialists combined). Independent samples t-test confirmed 
there was no significant difference in the mean importance scores for any of 
the subscales outlined in the above table. The same was performed for the 
number of previous insertions, combining groups to allow comparison 
between those who performed equal to or less than 20 and those who 
performed greater than 20 previous insertions. Independent samples t-test 
confirmed there was no significant difference in the mean importance scores 
between these groups of previous experience for any of the subscales 
outlined in the above table, further confirming that neither participant role or 
previous experience with the procedure produced significantly different 
importance scale ratings.  
 
Discussion 
The study demonstrated that participant realism ratings of the simulators 
differed between models. Participants felt the function of the simulator was of 
greater importance than structural components. The designed questionnaire 
appeared valid in discriminating between simulators and demonstrated high 
inter-rater reliability. There was a strong correlation between the global items 
and procedure-specific items across subscales and in overall realism, value 
for training and assessment. This provided support for the use of a generic 
questionnaire.  
 
Results from detailed analysis of the global items demonstrated that 
participants perceived the realism of the simulators to be different across the 
chosen models. The Pelvic Model was rated highest in realism for the majority 
of subscales, in overall realism and value for training and assessment. The 
Flat Uterus Model was considered the least realistic model. These findings 
provide support for the content validity of the questionnaire demonstrating the 
capacity to discriminate between simulators. The Desktop Uterus Model was 
considered to be of similar realism to the Pelvic Model in many of the 
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subscales, despite the vast apparent differences in simulator design. Perhaps 
the similar realism scores were due the ability to visualise the placement of 
the IUCD in the Desktop Uterus Model, which may have scored favourably as 
it provided additional feedback considered valuable for training, possibly also 
explaining the similar scores for training value. The Flat Uterus Model, which 
had the lowest scores for overall realism, value for training and assessment, 
also demonstrated the opening of the device, but lacked additional anatomical 
structures, which may have conferred an overall negative opinion of the 
simulator that influenced further aspects of its evaluation. The high realism 
scores for the Pelvic Model may be explained by its human body 
representative appearance, with literature suggesting participants seem to 
favour simulations of higher fidelity.106, 117 This preference may explain the 
significantly higher scores received for the assessment value of the Pelvic 
Model compared with the Desktop Uterus Model, which otherwise had similar 
realism scores. This information may be useful when selecting or designing 
simulators for either training or assessment.  
 
There was no significant relationship found between experience (level or 
number of previous procedures) and overall realism scores, demonstrating 
that participants of differing experience viewed the simulators similarly. There 
are suggestions that performers of differing experience levels may benefit 
from different levels of simulator fidelity182, 287, yet it is apparent that their 
assessment of simulator realism is similar. This important finding indicates 
participants with a variety of experience may consider a chosen simulator 
acceptable for training.  
 
The importance scale scores revealed that items related to the function of the 
simulator had higher scores than items related to the structure (anatomy) of 
the simulator. This finding is consistent with arguments that simulator function 
may be more important than appearance.103, 183 One of the function items, the 
“action of the simulator in response to the procedure (eg. tearing, bleeding)” 
was rated lower than the other items in this category, possibly as this item 
was more closely related to simulator structure, or that such a function was 
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not relevant to this particular procedure of IUCD insertion. The realism of 
performing procedural steps and the realism of viewing steps of the procedure 
in the simulator were rated high in importance. This information may be useful 
in the design of acceptable simulators, supporting a focus on function over 
appearance.   
 
This study has assessed simulator realism through user perceptions of 
realism and performance of the simulator. Global realism questions were of 
demonstrated value for discriminating the between simulators, but it must be 
considered whether the proceeding procedure-specific items influenced global 
item scores.  The wording of additional items may have caused the 
participants to consider the features of the simulator more carefully in their 
assessment of realism.281 Realism assessment is also only one factor to 
consider in the overall utility of a simulator. The findings of this study do not 
allow an assumption of a relationship between this realism assessment and 
performance outcomes following simulator training. Additionally, the realism 
questionnaire was only applied to models for the procedure of IUCD insertion 
and the features of the simulator deemed important may differ for other 
procedures.  
 
Conclusion 
The overall high realism ratings and performance scores for these simulators 
suggest low-fidelity simulation can be acceptable to trainees in gynaecology 
as a method of surgical training. This study has demonstrated that 
participants considered the function of a simulator to be of high importance, 
and more so than elements of the simulator’s structure. Participants 
considered the realism of performing and viewing procedural steps highly 
important. Such features may play a key role in acceptable simulator design 
and selection. The information gathered can be used to plan low-fidelity 
simulation curricula and low-fidelity simulator design.   
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Appendix 4: LLETZ simulator performance assessment tool 
ID Number: _____________ 
 
PROCEDURE STEPS 
Task Yes 3 No 0 
Set up of equipment completed with adequate visualisation of necessary 
anatomy   (eg Coordinates colposcope and speculum to identify lesion using 
acetic acid / Lugol’s) 
N/A 
Correct size / type of instruments selected (eg chooses appropriate size loop) N/A 
Appropriate analgesia provided, ensures patient comfort throughout 
procedure (eg Infiltrates correct type and amount of local anaesthetic to cervix 
in appropriate manner) 
N/A 
Correctly selects settings / for equipment (eg diathermy ) N/A 
Completes procedure in single maneuver 
(Eg Obtains LLETZ specimen complete in 1 pass) 
 
 
Appropriate tissue sample obtained (eg LLETZ specimen appropriate height 
and excises lesion completely) 
 
Avoids damage to surrounding tissue (eg no burn or trauma to vaginal tissue)  
 
 
Ensures haemostasis at completion of procedure (eg Uses appropriate 
method to obtain haemostasis) 
 
 
 
Check list score _____________/12 
 
 GLOBAL RATING SCALE 
 1 2 3 4 5 
Respect for 
tissue 
Frequently used 
unnecessary force 
on tissue or cause 
damage by 
inappropriate use of 
instruments 
 Careful handling of 
tissue but 
occasionally caused 
inadvertent damage 
 Consistently 
handled tissue 
appropriately with 
minimal damage 
Time and 
motion 
Many unnecessary 
moves 
 Efficient time/motion 
but some 
unnecessary moves 
 Clear economy of 
movement and 
maximum 
efficiency 
Instrument 
handling 
Repeatedly makes 
tentative or 
awkward moves 
with instruments by 
inappropriate use of 
instruments 
 Competent use of 
instruments but 
occasionally 
appeared stiff or 
awkward 
 Fluid moves with 
instruments and 
no awkwardness 
Knowledge of 
instruments 
N/A N/A N/A N/A N/A 
Flow of 
operation 
Frequently stopped 
operating and 
seemed unsure of 
next move 
 Demonstrated some 
forward planning with 
reasonable 
progression of 
procedure 
 Obviously 
planned course of 
operation with 
effortless flow 
from one move to 
the next 
 
GRS Score _______________/20 
TOTAL Score_____________/32 
 
  
209 
 
Appendix 5: Power calculation for LLETZ simulator performance 
evaluation 
Comparison Alpha Power Mean 
Group 
1 
Mean 
Group 
2 
SD 
Group 
1 
SD 
Group 
2 
Sample size 
in each 
group 
Novice (Level 1) 
versus intermediate 
(Level 2) 
0.05 80 9 19 5 5 5 
Intermediate (Level 2) 
versus Expert (Level 
3) 
0.05 80 19 26 5 5 9 
SD = standard deviation  
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Appendix 6: LLETZ simulator evaluation questionnaire 
 1 
Strongly 
Disagree 
2 
Disagree 
3 
Neither 
agree 
nor 
disagree 
4 
Agree 
5 
Strongly 
agree 
The material feels like 
doing a LLETZ on a 
cervix 
     
The model set up 
closely approximates a 
live procedure 
     
The training model 
seems useful for 
improving LLETZ 
procedural skills 
     
The training model 
seems useful for 
teaching and learning 
LLETZ 
     
The training model 
seems useful for 
assessing the learners 
ability to perform the 
procedure 
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Appendix 7: Cost of low-fidelity portable simulators 
Distributor Approximate cost* in Australian 
Dollars 
eoSim288 $1280 to $2400. 
3-D med289 From $630 
Limbs & Things290 $1680 
Inovus291 $770 
*rounded to approximate conversion rates May 2019 
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Appendix 8: Interview guide  
“Thank you for agreeing to participate in this interview. We’d like to talk to you 
about your experience with the use of the laparoscopic box trainers in the 
2016 program.” 
 
Interviewer to ask numbered questions directly to participants. Use prompts if 
participant unsure how to answer the question or to promote discussion in the 
category until no new themes emerge. 
 
What are your reflections on this training program? 
Is this type of training useful for gynaecology trainees? 
Why/why not? 
 
What is it about this training that you liked? 
Did you like the… 
types of tasks?  
number of tasks? (too few, too many) 
Amount of time to complete the training? 
The logbook 
amount of supervision and direction? Would you have preferred more 
supervision?  
Pre- and post-training tasks? 
Did you feel you improved your laparoscopic skills? In what ways? 
 
To what extent did you think you would use the laparoscopic box training 
during the 2016 project? 
 
How did your use of the laparoscopic box trainer differ from your 
expectations? 
 
Why do you think this happened? 
What would have made your expectations match reality? 
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Do you have any comments about this training? 
Should it be mandatory? 
Should every hospital run this type of program? 
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 A
ppendix 9: Steps in analysis of interview
s using the TD
F and C
O
M
-B
/B
C
W
 
S
tep 1: Interview
 analysis- identifying content and representative quotes and grouping into them
es and subthem
es. 
B
eliefs about 
sim
ulation 
 
expected it to be 
a helpful 
program
 
“I’m
 sure it still w
ould have been better [if continued to use box trainer]…
 but I could see a bit of an effect”  
I thought I should use it.  I thought that it w
ould be good for m
e, 
I can see that there’s benefit to doing it and I do think it’s a good program
 to do, to help our skills given that w
e’re doing less and less gyne surgery 
Y
eah, I w
as very excited about it, and I probably thought I w
ould use it m
ultiple tim
es a w
eek 
Y
ou get coerced by all the argum
ents about how
 good it is, and logically you can see that it's a really good thing. 
value for 
trainees 
“I think that it is useful for gynaecology trainees”  
it's a really valuable opportunity and it's quite a unique opportunity that obviously isn't afforded to all trainees…
 having access to a piece of equipm
ent that's actually quite expensive 
and being able to take that hom
e is really unique and can be of great benefit.   
B
ecause really, it's about the - alm
ost one of the only things that you can do to develop your surgical skills.  N
obody can afford to buy a $100,000 com
puter sim
ulated device like the 
hospital can, so this is really the only option that you have.   
Facilitator: 
W
hat do you think about other hospitals running this type of program
? S
hould every hospital be doing it? 
Interview
ee: 
Y
eah, I think so. I think m
ost - yeah, even the peripheral hospitals. M
ost - I don't know
 if people have got lap box trainers. I think it w
ould be som
ething that 
w
ould be not too difficult to run, just has to get [unclear] but yeah, I think that w
ould be really useful for it. 
I really thought it [the box trainer program
] w
as aw
esom
e. 
belief that 
sim
ulation is 
beneficial to 
training 
I think - that's lots of evidence out there, as you know
, that show
s that sim
ulation is far superior to - those that have had sim
ulation training prior to hands-on operating have a m
uch 
better skills acquisition and are m
uch better from
 a safety point of view
. I just think that especially in a setting w
here operative exposure and experience is getting less and less I think 
it's an invaluable opportunity for trainees. 
I thought it w
ould be useful and certainly that’s w
hy I took part and thought it w
ould be very useful for practicing the lap skills,  
I think it's inevitably going to be the w
ay forw
ard.  P
urely because of the issue of less surgeries, m
ore trainees.  A
lso, I guess the other thing w
ith that is public expectations and 
realisation that - I think people w
ould be outraged if they realised how
 training actually occurs, and that people w
ithout any skills or practice at all, operate on live people first.  
E
specially because lots of other industries develop skills in sim
ulation before being able to enact those skills in a real-life situation.   
I think m
edicine inevitably has to follow
 dow
n that pathw
ay.  That's particularly true for gynaecology because again, it's a discipline that really being im
pacted by a decreased num
ber 
of surgeries for a variety of reasons. 
From
 the point of view
 of how
 often w
e operate laproscopically I think you kind of m
aintain skills in betw
een because you’re not alw
ays getting that operating skill opportunity. 
if I w
as offered it again, I think I'd m
ake m
uch m
ore use of and get a lot m
ore value out of it.   
- benefit relates 
to experience / 
seniority 
“I’m
 still at that stage w
here those skills dissipate quite quickly if I don’t keep it up”  
com
ing from
 a junior's perspective, I think it w
as good in term
s of establishing those im
portant foundations prior to building on that w
ith clinical - you know
, clinical expertise in that. 
[discussing w
hether sim
 should be m
andatory] 
Y
eah and those w
ho'd be interested in m
aybe im
proving their skills. I guess it just depends w
here people are at and how
 confident they are in their skills. 
felt it im
proved 
skills 
W
hen I did do the exercises, I did actually find it useful.  
it doesn't take long from
 actually starting the task to m
aybe spending 10 or 15 m
inutes. In that tim
efram
e, your skills have actually im
proved.  
S
o in m
y head, I knew
 that I w
ould actually get sm
oother w
ith the instrum
ents and m
ore coordinated doing things, and I did actually notice that as I w
ent along.   
I felt that I im
proved m
y laparoscopic skills w
ithin the w
eek that I w
ould have a chance to practice 
role of 
sim
ulation 
W
e should be getting a lot of our basic skills outside of the operating theatres and then getting to a level w
here w
e're using those surgeries to im
prove our m
ore com
plex skills. S
o 
absolutely, this is som
ething that should probably be com
pulsory at som
e point in the future. 
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but w
e need to obviously be able to operate laproscopically because that’s pretty m
uch w
hat w
e’re doing. S
o yeah, I guess, in the future if that pretty m
uch becom
es our only m
ode 
of operating then it’s [the com
pulsory use of sim
ulation] going to becom
e m
ore and m
ore im
portant. 
- blended 
training 
I think that there has to be the actual hands on operating tim
e to put that practice on the box-trainer then into real life practice to really see the im
provem
ent, and you just don't get 
enough operating. 
E
ngagem
ent 
 
intended to use 
it tended not to happen despite m
y best intentions.  
I really w
anted to use it m
ore, but then it just - you get too busy. 
expectations of 
use to reality of 
use disconnect 
“I thought I w
ould use it a lot m
ore than I actually did”  
I expected to use it m
uch m
ore than I did but I think I just found, each tim
e I did a session, it actually just took a bit m
ore tim
e and it w
as a bit m
ore effort than I w
as anticipating.  
I guess the other m
ajor reflection I have is that I didn't use m
y box-trainer as m
uch as I w
ould have w
anted to or predicted that I w
ould have.   
Interview
ee: 
I m
ean in an ideal w
orld, I w
ould have liked to have thought that I w
ould have been able to use it at least - I'd like to think m
aybe tw
o to three tim
es a w
eek.  
E
ven just for sm
all periods of tim
e, sort of 15 m
inutes, half an hour.  E
ven up to an hour.  B
ecause again, that's m
ore realistic in the sense that that's how
 m
ost laparoscopic 
operations can take up to that am
ount of tim
e.  B
ut then reality w
as quite different. 
Facilitator: 
Y
eah, so how
 did your use differ from
 your expectations? 
Interview
ee:Y
eah, it w
as m
uch less than w
hat I w
as expecting.  Y
eah, and I found that instead of doing it in a regular pattern, I w
ould do it in flurries.  M
ostly w
hen essentially the 
task w
as com
ing to an end and I realised I hadn't done as m
uch as I should have done. 
S
o I thought I w
ould use it and I probably used it about as m
uch as I thought I w
ould. There’s alw
ays - you alw
ays think you’re going to have m
ore tim
e to do things than you do. 
I thought if they w
ere skills I shouldn’t m
iss out on in m
y training, but then I still didn’t use it. 
Facilitator: 
D
id you think you w
ould use it m
ore than you actually did?  
Interview
ee: 
Y
eah. 
Facilitator: 
W
hy do you think that there w
as that difference betw
een how
 m
uch you thought you’d use it, and how
 m
uch you actually did use it? 
Interview
ee: 
I think just the tim
e. I didn’t have as m
uch tim
e as I thought I w
ould.  
lacked 
m
otivation 
B
ecause everyone last year w
as saying that w
hen they do it, it's beneficial. D
oing it w
as the effort. 
Interview
ee: 
Y
es, I did.  I thought - I thought w
ell - no I thought I should use it.  I thought that it w
ould be good for m
e, but I didn’t use it. 
Facilitator: 
D
id you anticipate that you actually w
ouldn’t end up using it?  D
id you realise that that w
as going to happen? 
Interview
ee: 
Y
es.  I think so. 
A
ccess  
 
A
ccess to 
sim
ulation  
not every hospital has som
ething like - w
e've got the Lap M
entor w
hich is - goes above and beyond the box trainer and that's fantastic but that's a m
assive outlay for hospitals. E
ven 
som
ething sim
ple like the box trainer project doesn't take a lot of of hospitals to set up. I think - I don't know
 w
hat the outlay is for the actual boxes and bells but if you're hospital and 
or R
A
N
ZC
O
G
 can com
e out of som
e subsidy I w
ould im
agine.  
w
e've obviously w
orked in a hospital w
here these box-trainers have been available in a room
 in the hospital to use.  B
ut that, I found, is even less likely to get used because there's 
certainly no tim
e or allow
ance at w
ork to actually go to that. 
Y
eah, in an ideal w
orld, definitely.  A
gain, as I said back at the start of the interview
, buying a box-trainer personally w
as som
ething that I had entertained and am
 still entertaining.   
I thought that access to the box-trainer w
as aw
esom
e and therefore I w
as happy to do the extra stuff associated w
ith it 
having access to a piece of equipm
ent that's actually quite expensive and being able to take that hom
e is really unique and can be of great benefit 
I think it’s good for hospitals to have a box-trainer available…
  it w
ould be good to have som
ething like that in the reg room
.  
you don’t necessarily get the tim
e to do it w
hile you’re at w
ork. Then you’ve got to stay back if you w
ant to use it [non-portable laparoscopic trainers] 
, it’s not - like w
e have clinics and there’s quite a bit of dow
ntim
e w
here, you could, feasibly, spend half an hour at a tim
e playing around on a trainer. W
hereas…
you’re pretty tim
e 
poor at the hospital, I can’t really see trainees having blocks of tim
e to play w
ith a trainer. 
S
kill 
D
evelopm
ent 
 
staged 
learning/skills 
escalator 
“it w
as a good progression of skills”  
I think it w
as graded in a good w
ay in term
s of easier tasks to harder tasks. 
thought that they w
ere a good progression so from
 starting from
 the [string to paper clips]  
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E
ven the basic tasks I think I still learned. 
I think the progression of difficulty of tasks w
as good too.  
I thought the exercises w
ere really good and being [kind of graded in difficulty], 
I think the progression of difficulty of tasks w
as good  
G
etting used to the actual laparoscopic instrum
ents and how
 to m
ove them
, rather than m
ore advanced skills. 
from
 m
y point of view
, the box-trainer w
as just trying to get you to those basic m
ovem
ents and getting you used to handling the instrum
ents and using the - like w
ith the [M
aryland 
chip] sort of tw
isting it round.  
S
kill transfer 
from
 task to 
operating skills 
w
ith basic tasks there's things you can do to im
prove your instrum
ent handling and grasping and tension.  
S
o it really is useful in the sense of learning just things like hand-eye coordination, m
anipulation of instrum
ents, et cetera. 
I guess just from
 an instrum
ent handling point of view
, just picking them
 up all the tim
e. 
Just that m
anual dexterity for m
e w
as really helpful.  B
ecause that's w
hat I'm
 not very good at…
.  
Instrum
ent handling, learning to use tw
o hands, passing from
 one hand to another, orientating yourself, and just that hand-eye coordination.   
m
y passing skills, betw
een m
y instrum
ents…
. just getting the hand-eye [coordination] in definitely and tow
ards the [end] needle holding. Like getting used to passing the needle w
as 
really good. 
apply it to m
y actual operative practice and that's at the bottom
 line w
hat w
as m
ost helpful for m
e.  
Just the fine - like w
orking in 2D
 and the fine skills I think, the fine m
otor skills; using tw
o hands, those types of things. 
B
elief that skills 
w
ere im
proved 
I think it did overall im
prove m
y dexterity and m
y ability to perform
 laparoscopic tasks. I think it did give m
e a good foundation, to starting to do m
y ow
n procedures under the 
supervision of consultants.  
Facilitator: 
A
lright. D
o you think overall your laparoscopic skills im
proved from
 the use of the box trainer? 
Interview
ee: 
I think it definitely did, yep. 
I think I definitely becam
e m
uch m
ore efficient w
ith m
y hand/eye coordination, understanding depth and being able to perform
 tasks that m
ay require sm
aller m
ovem
ents or w
hat 
have you. I do think it actually reflected in how
 I now
 do basic laparoscopic tasks, bilateral salpingectom
ies et cetera because of that. I just have a lot m
ore confidence I guess in m
y 
ow
n abilities to do those tasks because I think of the background that I've had in that. 
I think it helped m
e in real surgery and there's less fum
bling around and unnecessary m
ovem
ents, 
so I w
as getting …
 those skills like in m
y diagnostic laps so that w
as good.   
I found that m
y skills im
proved w
hen I w
as doing it regularly. I can see how
 it is a useful thing to do. 
V
alue of sim
 
training in 
relation to 
seniority 
B
ut I think that box-trainer w
ould be m
ore useful at the very beginning, before you got your hands on actual patients. I think once you get your hands on, and start operating on 
actual patients, it’s m
uch m
ore fun, and you feel like you’re learning, and im
proving skills. The tissue handling you don’t get from
 a box-trainer. I think the box-trainer’s quite useful 
for, as I said before, just getting used to instrum
ents and having to [w
ear] - yeah. 
“the m
ore senior you are, the m
ore appreciative…
 you are [of the B
TP
]”  
I thought it w
as a very good program
 as som
eone w
ho is quite junior and starting out in laparoscopic training 
I can see perhaps if I w
as m
ore skilled - m
aybe tow
ards the m
iddle, you'd probably be itching to do som
ething a bit m
ore clinical. In 
m
ore senior you realise how
 - you appreciate so m
uch how
 good a valuable resource that is, to have that. 
w
hen you're junior you think w
ell how
 does this relate to like real life and then you realise w
hen you start suturing actually just - that's all your doing, you're just passing the needle 
back and forth betw
een each [hand] so. 
I could see that now
 - m
ore now
 - then perhaps I did at the beginning of last year m
aybe even and I think that's w
hy that com
m
ent about I think the m
ore m
id to senior you are, the 
m
ore appreciative of this opportunity you are. 
they w
ere quite good and I did learn and im
prove skills even though at the beginning I thought oh this m
ight be a bit basic for m
e.  
I find that people that are using it are the people that are the m
ore advanced trainees because they actually know
, they've got the pressure on them
, they know
 they're finishing up 
soon. They know
 w
hat they w
ant to be doing.  
It’s som
ething that som
eone starting out w
ould be happy to pay to get used to things 
Just that m
anual dexterity for m
e w
as really helpful.  B
ecause that's w
hat I'm
 not very good at. 
Interview
ee: 
Y
eah, I m
ean I definitely think it is som
ething that w
ould be beneficial for junior trainees w
ho haven’t done a lot of that [sort of] stuff.  
Facilitator: 
S
o you think that the m
ore junior trainees get m
ore out of it? 
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Interview
ee: 
Y
eah, I think so. I think m
ore junior trainees w
ould get m
ore out of a m
ore directed program
 - [no doubt]. 
Facilitator: 
Y
eah.  
Interview
ee: 
Just to have it in place so that [there is som
e basic fine level] of skill that they have. 
Facilitator: 
S
o that there’s som
e, sort of, I guess, people have to dem
onstrate a capacity to operate using the box-trainer? 
Interview
ee: 
Y
eah, that’s right. 
- because for m
e, I had done a little bit of laparoscopy already before. B
ut I think that box-trainer w
ould be m
ore useful at the very beginning, before you got your hands on actual 
patients.  
E
D
U
C
A
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N
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D
eliberate 
practice 
so m
aybe just a block or a fortnight w
here you could go back and w
ork on som
e of the tasks that you'd done that you'd enjoyed, or you'd found challenging or som
ething like that.  
[Inaudible] individual [unclear] to it.   
I started doing the exercises, and you’d get som
e quite good feedback. B
ut then I probably lost interest tow
ards the end and just focused on suturing. 
spaced practice 
som
ething out of spending that last w
eek, every night, doing half an hour or doing 40 m
inutes just w
orking on the tasks and doing the little videos. 
to w
aning m
otivation during the task because it does go for that long in a sense, and I w
ould only ever have flurries of activity w
here I w
ould do it and then not think about it for 
another few
 w
eeks. 
B
ut equally, I didn't find it doable to sit dow
n and do the box-trainer for an hour.  Like I can't m
aintain m
y concentration for that am
ount of tim
e and it's just too m
uch tim
e to find in 
one block w
hen it's som
ething that already seem
s like one m
ore  
I think it w
as a good num
ber of tasks spread over a good am
ount of tim
e. 
deterioration of 
skills 
I don't know
 w
hat the evidence show
s in this area but I w
ould assum
e that w
ith the shoelace - like you do that at the beginning and you get quite good at it. Y
ou do other skills and 
then you go and do the shoelace one again, I think you w
ould expect m
aybe a sm
all im
provem
ent but at the end of the day if you had …
 the shoelace threading for a w
hile you're not 
going to be as good at it.  
laparoscopic cases, I think it w
ould have been good to continually practice using those hand eye coordination skills, w
hen there w
ere big blocks - particularly on nights and things - 
w
here you didn’t do any laparoscopies for three m
onths. S
o I think it w
ould have been for tim
es like that. 
I think by the tim
e you'd gone alm
ost eight m
onths throughout the w
hole program
, and you w
ere then repeating the task that you did eight m
onths ago and you hadn't really been 
practicing that one, you kind of have to start again and re-practice.   
B
lended learning 
“an hour cranking aw
ay on your ow
n com
pared to five m
inutes of som
ebody teaching you little hints and tricks…
w
as fantastic 
I like the ease of having it at hom
e and like I said, being able to fum
ble through it and feel a bit uncoordinated w
ithout som
ebody standing over your shoulder.  B
ut I like the idea of 
having som
eone there saying try it this w
ay or try it that w
ay, or w
hy do you hold your instrum
ent like that?  Things like that that you can't get w
hen you're doing self-directed tasks.  I 
think a m
ix of both w
ould be good. 
m
y confidence on laparoscopic skill im
proved a lot last year, w
hether that w
as because of the box-trainer or the fact that I w
as operating a lot and doing a lot of that stuff,  
R
ole of 
assessm
ent 
I thought it w
as good to do that, it w
as a good w
ay of m
easuring skills and I suppose for you guys from
 an assessm
ent point of view
 I think in the bigger picture that's quite a useful 
thing to do and quite helpful 
I think it should be …
 having to show
 som
e goals and these could be assessed at w
ork.  
to show
 that w
e've got our com
petencies up. I think you could m
odel som
ething like that for your basic laparoscopic skills. 
U
S
E
FU
LN
E
S
S
 
 
V
alue/validity of 
logbook 
Facilitator:                D
id you use it m
ore than your logbook w
ould have reflected? 
Interview
ee: 
Y
eah. 
Facilitator: 
H
ow
 m
uch m
ore do you think? 
Interview
ee: 
O
h probably at least 30 per cent m
ore. 
O
h yeah, the logbook w
as -it w
as [a helpful] thing to do. 
Y
eah, there w
ere tim
es that I'd do training and I w
ouldn't log it because it w
as literally tw
o m
inutes 
B
ut it w
ould frustrate m
e you couldn’t put the date and tim
e or the date that you w
ere w
orking on your task.  B
ecause I think that w
ould be better to again, m
ake yourself m
ore 
accountable if you had a date and you w
ere like oh, I haven't actually done anything for a w
eek now
.  …
 be reflective for the participant so that they can see w
hen it is that they find 
tim
e for it and fit that into their schedule.  Then also, in term
s of the inform
ation that you'll get back. 
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that I probably played w
ith it m
ore than I recorded in the sense that if I just did it for 20 seconds w
hile I w
as w
aiting for som
ething else, that I didn’t record that sort of thing…
 
the log book I had - w
ell for w
hatever reason - I had it on a different com
puter than the thing that I w
as using. S
o som
etim
es w
e’d have dinner and then I’d be like, oh, I don’t know
 
how
 long I’ve been on, I’ll just guesstim
ate sort of.  
the few
 tim
es that I then did things m
ight have been just five m
inutes here and I didn't end up logging the tim
e…
 I think because if you're just doing a little bit here and there, it alm
ost 
feels like it's not w
orth putting in the five m
inutes that you do.  O
r if you do five m
inutes and get distracted and com
e back and do another five m
inutes, it alm
ost felt like it w
asn't 
w
orth putting it in a log book for that sm
all am
ount of tim
e.   
I don't think there is a lot of discrepancy really betw
een the few
 tim
es that I actually sat dow
n and did a bit and then the extra little bits that I did after that.  I don't think there's that 
m
uch discrepancy really if I'm
 honest. 
I think pretty m
uch, it did. B
ecause I rem
em
ber - there'd be a couple of a tim
es you have to estim
ate but generally, yeah. 
Leaves in hours 
tim
e for clinical 
practice 
I think yeah there's plenty of other things that if you give people in hours tim
e to do it w
hat do you take aw
ay from
 them
, w
hat clinical duties or other duties do you take aw
ay from
 
them
. That's a high call to m
ake. 
M
ore ability to 
use at hom
e 
I think it’s so m
uch better to have one at hom
e than to have - to be trying [unclear] w
ork. I think those that are interested in lap stuff, w
ould m
ake the tim
e. B
ut definitely having your 
ow
n box-trainer is - I didn’t really find any barriers using it, I used it quite a lot 
A
t hom
e, you can do it at your ow
n tim
e, you can faff around w
ith it and feel like you're looking stupid and hopeless and take your tim
e and practice.   
Y
eah, absolutely. If it w
as at the hospital there'd be very m
inim
al use of it, I think. 
M
O
TIV
A
TIO
N
S
 
 
C
urriculum
 
 
Tasks as a 
m
otivator 
I found it really helpful actually doing the set skills that w
ere preordained it kind of m
otivated m
e to do other things on it as w
ell. 
it w
as good to have set tasks that you needed to com
plete by the end of each m
onth. 
I’ve actually got one on loan from
 the hospital at the m
om
ent and I’ve w
orked on it a lot less than I did at [the study hospital]; m
ostly because I don’t have that m
otivation of having to 
give som
ething in at the end of the m
onth.  
I think one of the good m
otivations w
as that you w
ere kind of expected to have it done and sent in at a particular tim
e. 
m
otivational point of view
 it w
as very helpful in that it w
as good to have set tasks that you needed to com
plete by the end of each m
onth. 
w
hat w
as really good about this program
 w
as there w
as actual outcom
es each m
onth that you could w
ork tow
ards.  
G
oal setting 
laparoscopic suturing w
as m
y goal - one of m
y goals for the year. 
Y
es, yeah definitely and then know
ing that you can do the exercises in your ow
n tim
e, know
ing that in three m
onths' tim
e you've got this goal to achieve 
if you don’t have the tim
e goal or som
e sort of goal to reach, it’s easy to get bored. 
Just that m
anual dexterity for m
e w
as really helpful.  B
ecause that's w
hat I'm
 not very good at. 
Training videos 
I m
ean the videos w
ere useful but other than that there w
asn't m
uch supervision. 
the video each m
onth w
as good because it kept m
e m
otivated.  
I think certainly having those goals - training videos, et cetera w
ould be beneficial. 
R
eal operating 
as a m
otivator 
I think if you have that actual real tim
e operating to back it up and put those skills into practice, then that's w
here you see the benefit from
 it. 
S
o I suppose if I knew
 I had cases - like if I had cases com
ing up on m
y gynae list, that I thought I could have sat dow
n and practiced beforehand, that m
ight have [m
otivated m
e] 
m
ore.  
I m
ean [pause] m
y prim
ary m
otivation w
as that I w
ould like try and do som
e the night before m
y list and that sort of thing. 
 if I had been operating on a regular basis, that w
ould alm
ost have been m
ore of an incentive  
the other m
otivation w
as I really w
anted to actually do som
e actual clinical hands-on laparoscopic w
ork so that w
as m
y other big m
otivation, to have it done. 
I think people know
ing that you've at least been com
petent in doing a lot of sim
ple tasks, so the consultants feel m
ore confident that you can actually use laparoscopic equipm
ent 
appropriately. Then also, that you feel m
ore confident w
hen you are given the opportunity to actually do som
ething, that you feel m
ore confident to be able to do sim
ple tasks.  
It is the one w
ay to get som
e sort of laparoscopic practice or experience outside of real patient operation.  A
s you w
ould know
, the num
ber of patients available these days in term
s 
of operations is reducing rapidly and the trainee num
ber is increasing rapidly.   
it's hard because you get so little operating at the [hospital] to then put it into practice. .. 
I think if you have that actual real tim
e operating to back it up and put those skills into practice, then that's w
here you see the benefit from
 it. 
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I think also w
hen I w
as on the after-hours job, I just w
asn't doing that m
uch laparoscopy at w
ork. It w
asn't really until …
 job and doing som
e regular diagnostic laps and I w
as like, oh 
actually I should do som
e m
ore of this box trainer because it w
ill actually, it's m
ore relevant. 
Intrinsic 
m
otivation (adult 
learning 
concepts) 
If I had the box trainer open and out and I w
as doing the tasks for the project I w
ould also then spend a little bit of tim
e doing som
e suturing or doing som
e other bits and pieces that 
w
ere im
portant to m
e for m
y skills acquisition point of view
. 
at the end of the day, w
e’re adults. Y
ou shouldn’t have to m
ake som
eone chase you and in real life, no one’s - as training, no one’s going to chase you to do things.  
“there’s no other incentive but the fact that I w
anted to get better” 
I think there com
es a point w
here you have to be m
otivated yourself to do these things and you can rely on being accountable to som
ebody or answ
ering to som
ebody to take 
advantage of the opportunities. 
Y
ou have to take som
e ow
nership over your ow
n learning. 
S
elf direction 
“I could alw
ays w
ork ahead”  
“there’s other stuff you could alw
ays do as w
ell if you w
anted”  
I w
as under the non-m
entor, so there w
as really kind of little in the w
ay of supervision. I don't think that necessarily w
as a huge hinderance.  
I just don't think it w
ould have m
ade a difference to m
e. I probably w
ouldn't have really w
anted to have m
ore supervision actually [laughs]. 
I liked the self-directedness of it, I suppose, 
I think I w
as happy not having any [m
ore supervision].  A
gain, it w
ould have been one m
ore thing w
here there's m
ore pressure to get done in an already high-pressure year. 
Interview
ee: 
Y
eah m
aybe, but then - yeah, I guess som
e m
ore suturing tasks to tim
e yourself, but then in reality, it’s really just that practising a skill over and over again. 
Extrinsic 
m
otivators 
 
social 
M
aybe if there w
as a group forum
 or som
ething like that w
here you could just post little questions about clarifying you know
, does the task actually start here?   
[discussing training in hospital hours] w
ith other people, w
hen you're getting tips and to be truthful, it's just a bit m
ore social and it actually m
akes it a bit m
ore fun. 
m
aking it 
m
andatory 
Facilitator: 
S
o do you think it should have been m
andatory?  O
r should w
e m
ake it m
andatory for the future? 
Interview
ee: 
I think so.  B
ecause then at least you can justify doing it in a sense.  I don't know
 if that sounds right but it certainly w
ould m
ake it m
ore of a driver.   
I guess it's sort of in the setting.  Like registrars in a particular tertiary hospital, it could form
 a part of som
e of the m
andatory projects that you have to do.  S
o an audit is m
andatory, 
a research project is m
andatory, attending Friday afternoon education is m
andatory.  S
o again, all those things that are som
ew
hat loosely [patrolled].  B
ut it could also be tied into 
how
 you're going w
ith your box-trainer in a sense as a part of your assessm
ent or w
hatnot. 
Facilitator: 
W
hat about for thinking about gynaecology training in general - do you think this sort of training should be m
andatory? …
 
Interview
ee: 
Y
eah, I m
ean I definitely think it is som
ething that w
ould be beneficial for junior trainees w
ho haven’t done a lot of that [sort of] stuff.  
som
etim
es you need to force people to do things or you need to have a bit of a deadline to get people to actually do tasks and things w
hich I think w
as quite good especially in the 
setting of being busy and having lots of other priorities  
A
bsolutely. Y
eah. I think especially for core trainees as they go through. I think for a second, third, fourth year trainees should have som
ething like this built into their curriculum
. I 
com
pletely agree.  
[discussing w
hether it should be m
andatory] Y
ou think gosh I w
ould like to think that w
hen I w
as a first or second year trainee if som
ebody gave m
e a box trainer it’s a gift. I think it’s 
a sham
e that people don’t jum
p on the chance.  
O
h yeah if it'd been com
pulsory, yeah, I think so. S
o if it had been like the research project and the policy and stuff [other com
pulsory tasks at the hospital], w
here it w
as part of your 
w
ork, w
here you had to do it, then I do think I w
ould - w
ell I w
ould have m
ade the tim
e to do it then. 
Facilitator: 
D
o you think this kind of training should be m
andatory? 
Interview
ee: 
A
h, I think yes. I think the good part of the program
 - for exam
ple for first/second years, for exam
ple but I don't think - beyond that, I think som
e people m
ay not. 
TIM
E 
 
N
eed protected 
tim
e for training 
during w
ork 
hours 
I think people are probably m
ore likely to com
plete the exercises and m
aybe be m
ore receptive to it if you give them
 tim
e in hours for it. 
the lap sim
 sessions and I'd get actually a bit of guided teaching. That w
ould m
otivate m
e to com
e hom
e and do a little bit on the box trainer, as w
ell.  
W
hat I w
ould like w
ould be to do som
ething like that [in hospital training] but still have a box trainer at hom
e that's doing those, I w
ould find m
otivating. It w
ould m
ake m
e m
ore likely 
to do som
e stuff at hom
e m
yself. 
I think w
e should be doing it in [w
ork] hours rather than in our ow
n tim
e.  I think w
e should be doing it at w
ork. 
…
;m
aybe tim
e in w
ork hours to be com
pleting the tasks, to give the m
otivation to do it.   
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think if it becam
e a part of your teaching - like the Friday afternoon teaching program
. 
w
e just do 15 m
inutes of box trainer and just m
ake it an expanded teaching thing.  
If w
e could find a w
ay to m
ake it less invasive …
 really productive, like absolutely. If it w
as a program
 in every hospital, like you know
 - if every hospital I w
ent to did 15 m
inutes at the 
end of their teaching session on som
e box training skills or som
ething equivalent, I'd be pleased about that. 
Interview
ee:             I think w
e should be doing it at w
ork…
. 
Facilitator: 
S
o, do you think the hospitals have an obligation to provide the tim
e and the equipm
ent? 
Interview
ee: 
Y
eah, I think so 
Supervision 
 
M
otivated by 
supervision 
tw
o things here: 
1. 
R
esponsibility/se
nse of duty vs 2. 
Teaching/directi
on 
[if it w
ere to be com
pulsory] then it needs to be som
ething that's a bit m
ore structured w
ith a m
entor there to liaise w
ith and to touch base w
ith 
I w
anted to im
press them
, didn't w
ant to let them
 dow
n..  
- I think if you're m
ore accountable to som
ebody, you're alw
ays going to be a little bit m
ore diligent about doing things.  B
ut I don't necessarily know
 that I w
ould have appreciated 
that or if I w
as to do it again, if I w
ould appreciate having to be accountable to som
ebody. 
w
as good because it m
otivated m
e to m
ake sure that I actually did the tasks and did them
 w
ell because of w
ho m
y m
entor w
as,  
The feedback from
 the m
entors w
as good, even w
ith basic tasks there's things you can do to im
prove your instrum
ent handling and grasping and tension and so on so 
I think it's im
portant for trainees to have som
eone that they can talk to about issues they're having, w
hether it's practical issues of setting up their box or issues w
ith instrum
ent 
handling or w
hatever. I think that troubleshooting and having som
ebody as a m
entor is going to enhance the learning experience. 
I suppose if there w
as checking in w
ith som
eone at the hospital - so that som
eone w
as checking in w
ith m
e and going through them
 w
ith m
e then I probably w
ould have felt like I 
definitely should do it then. S
o I think that w
ould have m
ade m
e actually sit dow
n and do it. I w
ould have m
ade the tim
e to do it then. 
…
 
that I w
as going to sit dow
n w
ith som
eone at the end of each of task and go through it w
ith them
, I w
ould have m
ade the tim
e to do it, because I w
ould have felt like I w
ould have 
been w
asting their tim
e otherw
ise. 
som
eone looked at your video, so you knew
 one of the consultants w
ho I respected, w
as going to look at m
y video and I didn’t w
ant them
 to think badly of m
e. S
o I think that’s 
m
otivating.  
B
ut they w
ere - it w
as a consultant that I w
as quite - I w
as very respectful of. S
o, didn’t w
ant to let them
 dow
n, so to speak  
if you w
ere getting m
ore supervision, you're essentially - you're going to be m
ore engaged in the task because som
ebody is not m
onitoring you in a sense, but som
ebody is involved 
in your practice as w
ell.  That sort of is a bit of a m
otivator to do m
ore tim
e on your box-trainer in a sense. 
unless you've got som
ebody there m
entoring you and show
ing you w
ell this is the task that you do w
ith this piece of equipm
ent, it's very difficult to m
ake the tim
e that you spend 
w
orthw
hile.  That's w
here I think the structured program
 is really beneficial.  To say okay, this is w
hat you're going to do, this is w
hat your goal is, off you go. 
I think if som
eone w
as chasing m
e about it I m
ight’ve had - probably w
ould’ve done m
ore.  
(discussing thoughts on having a m
entor) P
robably, there w
as a part of the m
otivation to setup videos, just know
ing that som
eone w
as going to be w
aiting for them
. 
I actually think having a supervisor that you had deadlines for, is better than just being given a box-trainer and not having supervised use of it. Just from
 a m
otivational point of view
. 
Feedback/teachi
ng 
the boss w
ould com
e around and spend som
e tim
e w
ith you…
 that's better than w
hat m
ost of other hospital provides for you and I think expecting that on a w
eekly basis is probably 
pushing your luck a little bit.   
I think participants overall learning from
 the experience is going to be increased if they have direct feedback from
 a m
entor not only in term
s of picking up the things that you don't 
think about yourself.  
to w
ork on tasks and then get that feedback. I thought it w
as good, yeah. The feedback I got w
as very constructive and helpful. 
S
o I m
ean that w
as valuable in the sense of actually getting som
ebody to w
atch w
hat you w
ere doing and to give you direct feedback from
 that.   
you w
ant to get a lot of feedback on w
hat you're doing so you can get an idea about w
hether or not you're actually im
proving or w
hat standard your skills are at 
I think it w
as an appropriate - you know
, having m
ore supervision or no supervision on the actual task itself w
ould be acceptable if you w
ere getting good feedback in your clinical 
experience. 
. I w
as on the m
entor arm
, and thought that w
as really aw
esom
e. E
ven though [study coordinator] kept saying, [unclear] she w
as like, I don’t feel like I can tell you anything, but even 
the few
 things that she did tell m
e I still rem
em
ber, 
…
the feedback w
as alw
ays positive, so it w
as not like there w
as som
eone standing next to you and saying, you could be doing this w
rong. They can't see your hands, I guess is the - 
so, from
 that point of view
, your grip, your ergonom
ics, all that kind of stuff is not - it’s just w
hether you can get the video to look good on the screen.  
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O
pportunity 
. That w
as quite good, I w
as already had the m
otivation or the pressure on m
e that I need to get the box trainer exercises done so the stuff's out, I m
ight as w
ell do som
e other bits 
and pieces to. That w
as actually quite helpful. 
so I did w
hole chunk of nights at the beginning of the year, so that w
as great.   
I thought it w
as really useful because it w
as great to be able to have it at hom
e set up in the spare room
 to w
ork on it w
hen I had spare tim
e. 
I m
ight have som
ething cooking on the stove, and then I’d go and play w
ith it for a few
 m
inutes, and then I go back and stir and turn things over, or som
ething like that. 
G
am
ing 
“I w
anted to get better…
it w
as fun trying to get better than last tim
e”  
I thought it w
as you get a little bit self com
petitive w
ith it, you try and better your tim
e and better w
hat you do every tim
e.  
it w
as quite fun w
hile I w
as doing it…
. H
aving to tim
e it and see if you could m
eet the targets…
 it gave you a goal 
you try and better your tim
e and better w
hat you do every tim
e w
hich I thought w
as quite good for self m
otivation,  
E
njoym
ent 
by the tim
e I w
as sitting for m
y exam
s, I think I’d had - I’d played w
ith it for a bit and so it w
as actually useful to take a break from
 study and just kind of do som
ething practical and 
then go back to the study 
…
S
om
etim
es a little bit of practical stuff just kind of helps your brain w
hile you’re studying.  
It’s like being fluent and com
fortable and confident w
ith [facing] handling techniques; and suturing aside, just laparoscopic handling of things, it’s aw
esom
e to practice [the things]. 
I found a lot of the tasks quite fun and having the tim
e - having to tim
e it and see if you could m
eet the targets, I thought that w
as quite good. It gave you a goal. 
I did enjoy it. I think once you’ve m
astered a task, you feel pretty good about yourself 
P
ositive program
 
attributes 
 
Equipm
ent 
 
E
ase of use 
“I thought the box trainer w
as very easy to set up”  
I think the box trainer itself w
as very easy to set up and use…
 I'm
 a bit com
puter illiterate so not having to set up everything on the com
puter w
as really easy, m
ade m
y life easier.  
I did set it up and I did attach it to m
y iP
ad, but no, it w
asn’t hard to set up. 
it w
as easy to use, the videos w
ere easy to w
atch.   
I think it's been m
ade as sim
ple and as straight forw
ard.  It's not a hard thing or a tim
e-consum
ing thing to do.  O
nce you've opened it at hom
e, had a bit of a play, figured out how
 it 
w
orks, it's relatively easy to use.   
I think the fact that you can use your iP
ad to - as your video source or w
hatever and also to record things 
P
hysical space 
Facilitator: 
D
id you have space for the box-trainer to set it up at hom
e? 
Interview
ee: 
Y
es.  Y
es. 
Like you can have it sitting there set up so you can just do five m
inutes here and there if you need to. 
C
urriculum
 
 
C
ontent 
the num
ber of tasks w
as fine as w
ell, 
Y
eah, I thought they [the tasks] all m
ade sense to m
e …
 could help your general [operating skills]…
 
I don’t know
 if m
ore tasks or less tasks - no, I thought it w
as a reasonable sort of balance 
I think you probably feel m
ore engaged or find it directly useful if you can easily relate w
hat you're doing to som
ething that m
ight see yourself doing in an actual laparoscopic 
operation that you do for gynaecology.  S
o things like the suturing and the knot tying, that w
as easily relatable.   
that if you give an explanation of how
 the skill that you're practicing could actually then relate to the things you'll do in surgery.  That again, could give a bit m
ore buy into it, being 
som
ething really useful to learn in a sense. 
. I thought it w
as easy to follow
, easy to keep up w
ith. I don't think it w
as too tim
e intensive, probably the appropriate am
ount of tim
e... 
B
A
R
R
IE
R
S
 
 
Equipm
ent 
 
R
ealism
 of 
equipm
ent 
the instrum
ents them
selves are often out of date, not w
hat's used in theatre 
The tissue handling you don’t get from
 a box-trainer. 
it didn't give you the really 3-D
im
ensional im
age that you get on som
e of the other box trainers.  
you know
 how
 like usually on a laparoscopic screen, it’s quite big. S
o I feel sort of like squinty and it just m
ade it really sore if I w
as doing it longer than 15 m
inutes - yeah. 
I think if you w
anted to do m
ore advanced stuff [surgical tasks], that sort of a box-trainer is not - probably not the best tool, I w
ould im
agine. 
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som
etim
es just issues w
ith equipm
ent. I had a couple of - I rem
em
ber that last task, for exam
ple, the [unclear] needle, m
ade it very frustrating.  
I could only hook it up to m
y phone and so the screen w
as really, really tiny and that m
ade it really hard.  
Technology 
ease of use 
If you had an app on your phone it m
ight be easier just to fill it in on the phone although I don't know
 how
 that's any easier than doing it on the com
puter to be honest. M
aybe 
m
entally it seem
s a bit easier.  
if you had a dedicated iP
ad or device that w
as the cam
era that you could have connected to your box at all tim
es rather than having to either connect your ow
n laptop or connect 
your ow
n device and w
hatnot.   
I think to be truthful, the setup for it, like having to get your iP
ad out and save im
ages and then figure out how
 to upload it to Y
ouTube, I just…
 there w
ere too m
any steps 
the w
hole part of the program
 that you videotape and you videorecord and send it off, I guess and I don't know
 that there's any other better w
ay but it's a little bit - cum
bersom
e is not 
the right w
ord - but it's tim
e-consum
ing, yeah. 
I think the biggest challenge I had w
as just initially getting set up w
ith the Y
ouTube account to upload the video to.  
I think there w
as a tim
e w
hen there w
as a bit of delay because I w
as having trouble w
ith som
e of the equipm
ent  
W
hether that w
as m
y old com
puter or m
y lack of technical skills, I don't know
.  B
ut that w
as probably the one hurdle for m
e, w
as uploading the videos. 
W
hether it's done via a supervisor perhaps observing a task at the hospital, m
ight be m
ore user friendly at signing off than having them
 actually have to film
 it.  
issues w
ith 
physical space 
to set up at 
hom
e  
having a physical space at hom
e to actually practice.  R
eally, it w
as either leave the box-trainer set up on the dining room
 table essentially, because there w
ere no other ideal spots, 
or pack it aw
ay each tim
e and then have to unpack it.  I think both of them
 are not ideal in the sense that I often had to pack it up from
 the dining room
 table in order to use the dining 
room
 table, and just the thought of having to unpack it and repack it up w
ould be enough to stop you from
 using the five or 10 m
inutes that you had spare to do it. 
right platform
 to have it on that w
as an appropriate height for m
e.  
“there w
ere issues w
ith space and in setting it up…
 w
as a hindrance I guess”  
that I had to prop it up on text books to get it to the right height in the sense of putting it on any of the tables at our house w
asn't at the right height for m
e to operate.   
if w
as able to sort of leave it set up, I could probably - like in a place that I w
alk past and be like, oh yeah I m
ight just play w
ith that for a bit. B
ut, I just didn’t have that m
uch room
 in 
m
y little apartm
ent and I had a cat so I didn’t w
ant the cat to destroy the box. B
ut yeah, so I think if I had a room
 w
here I could - like a study room
 w
here I could have it just set up, I 
think that w
ould -  just having to rem
em
ber to pull it out and open it all up and everything - yeah. 
C
urriculum
 
 
content 
W
ell I guess I w
ould say too m
any [tasks], based on the fact that I didn’t actually com
plete them
 all. 
logbook 
B
ut it w
ould frustrate m
e you couldn’t put the date and tim
e or the date that you w
ere w
orking on your task.  B
ecause I think that w
ould be better to again, m
ake yourself m
ore 
accountable if you had a date and you w
ere like oh  I haven't actually done anything for a w
eek now
.   
task realism
  
just generic laparoscopic [unclear 1] that aren't so m
uch related to things that you w
ould do in surgery, like stacking dice in a sense.   
I can see how
 they w
ould help your general skills, but I suppose they w
eren’t directly things I w
ould be doing in operations. 
S
om
e of them
, I thought w
ere translated quite w
ell. S
om
e of them
 I w
as like, oh I don’t know
 how
 this is really going to help - like translate over to real life. I think the one that w
as 
like stacking the dice, I found that one - I didn’t know
 how
 that w
ould help. 
if you’ve got [four dice] and you w
ant them
 stacked in your abdom
en, I can do that [laughs] - I know
 it’s useful for hand-eye coordination, but it does sort of seem
 - there’s no real 
correlation w
hat w
e do surgically w
ith that.  
B
ut I think m
ost of us have probably played around w
ith laproscopic instrum
ents enough to have that kind of thing before w
e start; so, yeah, m
aybe a bit m
ore surgically focused type 
tasks 
B
ut yeah, I think the paper clips and the dice w
ere probably the tw
o ones that w
ere a bit sort of - yeah, probably useful for hand-eye coordination, but not necessarily surgically 
translatable. 
I guess the only thing w
ould be is that m
ajority of the program
 is about just generic laparoscopic [unclear 1] that aren't so m
uch related to things that you w
ould do in surgery, like 
stacking dice in a sense.  S
o potentially, just doing tasks that you can sim
ulate in your m
ind to som
ething that's rem
otely [certain]. 
perceived 
validity of 
training  
if you can easily relate w
hat you're doing to som
ething that m
ight see yourself doing in an actual laparoscopic operation that you do for gynaecology.   
O
r even, I guess the other side of it is that if you give an explanation of how
 the skill that you're practicing could actually then relate to the things you'll do in surgery.   
I don't know
 if that w
as so m
uch related to the, m
y actual skill level than so m
uch as just using the actual sim
ulator [using the V
R
 sim
ulator for assessm
ent] in general. 
I think w
ith the lap sim
ulator bigger m
achine, it w
as a bit harder in m
y head to console the w
hole idea of the box-trainer w
ould im
m
ediately im
prove m
y skill on that.  B
ecause I think, 
again, because it's that com
puter m
odel, it's actually quite a different experience to your box-trainer at hom
e.  O
bviously the tw
o of them
 are both different from
 live surgery.  B
ut then 
those tw
o are different from
 each other as w
ell, if that m
akes sense.  I alw
ays found w
ith that m
achine that it has its ow
n issues and glitches et cetera.   
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] I think if you can prove that it helps im
prove the laparoscopic skills, then I w
ould be - I w
ould think that w
as quite reasonable [m
aking sim
ulation training m
andatory] - yeah. 
Lack of 
opportunity to 
put skills into 
practice 
it's hard because you get so little operating to then put it into practice.   
I think that there has to be the actual hands on operating tim
e to put that practice on the box-trainer then into real life practice to really see the im
provem
ent, and you just don't get 
enough operating. 
Supervision 
 
lack of 
supervision 
I don't rem
em
ber - I don't think, I don't rem
em
ber. Y
eah, other than som
e very brief com
m
unication at the beginning there w
as no other com
m
unication 
I don't feel like there w
as a lot of supervision.  I knew
 that if I needed help w
ith it, w
here I could go to get it.  B
ut I never felt like there w
as a lot of supervision or direction to it.  It w
as 
here's your U
S
B
 stick, these are your tasks, this is w
hat you do, off you go. 
Facilitator: 
D
id that w
ork for you? 
Interview
ee: 
W
ell, not really because I didn’t do that m
uch of it. 
Tim
e 
 
C
onflicting 
priorities in role 
E
ven though personally I w
ould w
ant to prioritise developing m
y laparoscopic skills, because it w
asn't m
andatory, it partly had to go by the w
ayside in the sense of having to do 
m
andatory and less appealing tasks first.  S
o that w
as one thing.   
“you get lum
ped in w
ith [extra w
ork at the hospital]…
 I know
 that w
as a barrier for som
e other registrars from
 even w
anting to participate” 
the m
andatory guideline is going to w
in out on that. 
I just think w
ith all the hours spent at w
ork and then doing other things related to w
ork, like research projects and policies et cetera, there w
as just no tim
e left to do the box-training 
project as w
ell. 
I felt like there w
ere things I really had to com
plete for w
ork, w
hereas, the box-trainer w
as sort of an extra on top of that…
. it did end up a low
er priority than the other tasks, that’s all. 
A
dding another thing to the list of the m
illion and one things that I have to do 
research, all the protocols and the iR
esearch and all of that that you have to do. 
P
articularly, w
hen you're at the [hospital], there's a lot of other things that are expected of you on top of the norm
al w
ork that you have to do…
 S
o it just becam
e the least im
portant 
priority. 
it's just too m
uch tim
e to find in one block w
hen it's som
ething that already seem
s like one m
ore thing you have to add to your list of things you've got to tick off during the w
eek. 
there's a lot of other things that are expected of you on top of the norm
al w
ork that you have to do,…
  
R
ole identity 
“busy registrar” / 
being a doctor is 
busy  
Y
eah because I - w
e'd been, I think last year, I think I'd - the year before I'd gone from
 a m
uch m
ore laidback role to being the first year registrar of a research project and the policy 
to review
 and an audit to do.  
I just think w
ith all the hours spent at w
ork and then doing other things related to w
ork, like research projects and policies et cetera, there w
as just no tim
e left to do the box-training 
project as w
ell. 
the crux of it is w
hen you're a busy O
&
G
 registrar, there are so m
any dem
ands on your tim
e and  there are so m
any things, w
ork related, that are m
andatory.   
B
ut w
hen you have exam
s to study for, w
hen you've got presentations that you have to do for w
ork, w
hen you've got study et cetera, then you know
…
.  S
o an audit is m
andatory, a 
research project is m
andatory, attending Friday afternoon education is m
andatory.  S
o again, all those things that are som
ew
hat loosely [patrolled].   
I think there are already a lot of hoops that w
e have to jum
p through.   
S
o, I guess it’s just that everyone is really - everyone is very busy 
E
xam
s 
I w
as studying for exam
s, so I just didn’t have m
uch tim
e, outside of trying to study and w
orking, to do m
uch on it. 
(there's a lot of other things that are expected of you on top of the norm
al w
ork that you have to do, )as w
ell as studying for exam
s last year for m
e.   
I w
as studying for exam
s and I knew
 that I already had a lot on m
y plate.  A
gain, it w
as one m
ore thing on top of all of those other stresses that I didn’t w
ant to add to.   
I w
as also doing m
y oral exam
 in the second half of the year, so that took up pretty m
uch all of m
y tim
e.  That w
as probably, for m
e, the biggest barrier to doing som
e m
ore. 
S
hift w
ork 
. It sort of depends a little bit on w
hat roster you’re in. If you’re in a night shift roster, then som
etim
es - seven nights on, seven nights off, you - I certainly w
asn’t - you can't w
ith our 
rosters just set a particular tim
e each w
eek to w
ork on it, or w
hatever. 
w
hen you're doing seven nights in a row
 that are as busy as w
hat they are, you w
ant to have that tim
e off.  A
gain, it becom
es a rock around your neck on your days off to -  
Lack of free tim
e 
It’s just that w
hen I had free tim
e, I w
ould rather spend it doing exercise, or w
atching TV
, or doing som
ething to chill out [laughs]. 
[obtaining skills from
 sim
 training w
as] highly dependent on how
 m
uch tim
e you're able to devote to it. 
I think I w
as just tim
e poor and once I 
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It w
as just literally finding the tim
e to do it. 
I think it w
as done in a w
ay that w
as entirely tim
e m
anageable for som
eone w
ho's not sitting exam
s or got other significant com
m
itm
ents. 
logically you can see that it's a really good thing.  B
ut I think finding the tim
e to actually do it is a different m
atter.   
I didn’t have as m
uch tim
e as I thought I w
ould.  
I think the biggest obstacle is just tim
e,  
(discussing w
hy didn’t use it as m
uch as thought) E
xtra-curricular stuff; nothing to do w
ith the box-trainer per se. 
O
utside of w
ork 
duties +B
abies! 
so w
e had a baby as w
ell in January this year and so about half w
ay through our study half becam
e a bit of a nursery. 
The second thing w
as I guess just w
ith hom
e life I had som
e fam
ily changes during the program
.  I had a baby and obviously that becom
es a bit m
ore distracting and less tim
e.   
B
eliefs 
 
stress 
a first year trainee and being in a new
 hospital. It w
as just like another stressful thing so I didn't do as w
ell as I could have.  
To be truthful, no. I feel like that [m
ore supervision in the program
] just w
ould have put m
ore pressure on the w
hole thing and m
ade m
e feel m
ore anxious about it. 
but to have all of that supervision, I think w
ould have just been another thing and just too m
uch. 
Facilitator: 
W
hy do you say that, w
hat w
ould be annoying or w
hat w
ould be bad about having supervision? 
Interview
ee: 
I think probably the pressure of trying to get things done in that particular tim
efram
e and - yeah. 
disengagem
ent 
Facilitator: 
Y
ou didn’t do any of them
? 
Interview
ee: 
[I did] - no, I didn’t do any of them
. 
dow
nside or the flipside of having a m
onth, it's probably too long to stay focused on one task.   
I didn’t use it that m
uch enough. Like enough to see - to notice any difference. 
B
ut equally, I didn't find it doable to sit dow
n and do the box-trainer for an hour.  Like I can't m
aintain m
y concentration for that am
ount of tim
e 
I think by that stage I'd fallen so far behind on the project that I just kind of thought, w
ell it's all kind of gone to shit so w
hat's [the point]? 
S
o, being honest, I don't know
 - task five after the dissect I w
asn't as diligent both  
took a bit m
ore tim
e and it w
as a bit m
ore effort than I w
as anticipating. [U
nclear] I w
as less and less m
otivated and eventually I just stopped doing it m
ost of the tim
e. 
don’t w
ant it to 
be m
andatory 
I think the problem
 w
ith m
aking som
ething m
andatory is that w
e’ve got so m
uch other m
andatory stuff that - I think it certainly should be m
ore w
idely available. 
S
o yeah, I guess, in the future if that pretty m
uch becom
es our only m
ode of operating then it’s going to becom
e m
ore and m
ore im
portant. B
ut I don’t know
, m
andatory just m
akes 
m
e cringe. 
“you’d take the fun aspect out of it by m
aking it m
andatory…
 I w
ould actively discourage you from
 m
aking it m
andatory”  
P
revarication / 
procrastination 
it w
as m
y ow
n fault that I tended to do them
 tow
ards the last w
eek. 
from
 the beginning of the m
onth and it tended not to happen despite m
y best intentions. 
it w
as just m
e being slack, to be honest. 
O
r m
ore tim
e w
ould’ve helped you? O
r w
ould m
ore tim
e have m
ade no difference to your ability to…
 
Interview
ee: 
I don’t think so.…
I don’t think that m
ore tim
e w
ould’ve m
ade m
uch difference. 
just getting m
y shit together to get started, I think, w
as probably the hardest thing.  
I probably used it far less than w
hat I thought I w
ould.  I had good intentions to sit dow
n and do it but just never really eventuated. 
m
y personal reflections aside I just feel guilty about the project, that I didn't do as m
uch of it. W
hen I did do the exercises, I did actually find it useful. I w
as doing …
 so I w
as getting 
…
 those skills like in m
y diagnostic laps so that w
as good.  I think having - know
ing that I can com
e hom
e and do that on top of figuring out how
 to be a first year trainee and being in 
a new
 hospital. It w
as just like another stressful thing so I didn't do as w
ell as I could have. S
o yeah, m
y [m
ain reflection] is one of guilt. 
I obviously don't need m
any barriers to [unclear] com
e through …
 such an effort then I think people w
ill use it a lot m
ore. B
ecause everyone last year w
as saying that w
hen they do it, 
it's beneficial. D
oing it w
as the effort 
the other m
ajor reflection I have is that I didn't use m
y box-trainer as m
uch as I w
ould have w
anted to or predicted that I w
ould have.   
I w
ould do it in flurries.  M
ostly w
hen essentially the task w
as com
ing to an end and I realised I hadn't done as m
uch as I should have done. 
like m
ost tasks, you probably spend m
ore tim
e on it in the w
eek that it’s due, or the day that it’s due [laughs] if you haven’t done it beforehand.  
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 S
tep 2: R
efinem
ent them
es and subthem
es w
ith consensus and illustrative quotes 
Them
e 
S
ubthem
e 
content 
E
xam
ple 
 P
articipant 
C
ode 
Expectations 
of sim
ulation 
and 
outcom
es 
beliefs about 
sim
ulation 
about 
sim
ulation 
overall 
I think - that's lots of evidence.. those that have had sim
ulation training prior to hands-on operating have a m
uch better skills acquisition 
and are m
uch better from
 a safety point of view
. I just think that especially in a setting w
here operative exposure and experience is 
getting less and less I think it's an invaluable opportunity for trainees. 
3 
I can see that there’s benefit to doing it and I do think it’s a good program
 to do, to help our skills given that w
e’re doing less and less 
gyne surgery 
4 
“I think that it is useful for gynaecology trainees” 
1 
desire to be 
better 
I thought I should use it.  I thought that it w
ould be good for m
e, 
4 
“there’s no other incentive but the fact that I w
anted to get better”  
1 
expectation-
reality 
disconnect 
expectation-
reality 
disconnect 
I really w
anted to use it m
ore, but then it just - you get too busy. 
9 
I guess the other m
ajor reflection I have is that I didn't use m
y box-trainer as m
uch as I w
ould have w
anted to or predicted that I w
ould 
have.   
5 
training 
enabled 
skill 
progression 
“it w
as a good progression of skills”  
1 
I think it w
as graded in a good w
ay in term
s of easier tasks to harder tasks. 
10 
deliberate 
practice 
I started doing the exercises, and you’d get som
e quite good feedback. B
ut then I probably lost interest tow
ards the end and just 
focused on suturing. 
9 
spaced 
practice 
som
ething out of spending that last w
eek, every night, doing half an hour or doing 40 m
inutes just w
orking on the tasks and doing the 
little videos. 
2 
blended 
learning 
m
y confidence on laparoscopic skill im
proved a lot last year, w
hether that w
as because of the box-trainer or the fact that I w
as 
operating a lot and doing a lot of that stuff,  
9 
perceived 
outcom
es 
from
 
sim
ulation 
skill 
developm
ent 
S
o in m
y head, I knew
 that I w
ould actually get sm
oother w
ith the instrum
ents and m
ore coordinated doing things, and I did actually 
notice that as I w
ent along.   
5 
it doesn't take long from
 actually starting the task to m
aybe spending 10 or 15 m
inutes. In that tim
efram
e, your skills have actually 
im
proved.  
3 
translation to 
operative 
practice 
Instrum
ent handling, learning to use tw
o hands, passing from
 one hand to another, orientating yourself, and just that hand-eye 
coordination.   
8 
I think it did overall im
prove m
y dexterity and m
y ability to perform
 laparoscopic tasks. I think it did give m
e a good foundation, to 
starting to do m
y ow
n procedures under the supervision of consultants. 
10 
relationship 
of sim
ulation 
to seniority 
m
atch 
com
ing from
 a junior's perspective, I think it w
as good in term
s of establishing those im
portant foundations prior to building on that w
ith 
clinical - you know
, clinical expertise in that. 
10 
m
ism
atch 
they w
ere quite good and I did learn and im
prove skills even though at the beginning I thought oh this m
ight be a bit basic for m
e. 
2 
 
B
ut I think that box-trainer w
ould be m
ore useful at the very beginning, before you got your hands on actual patients. I think once you 
get your hands on, and start operating on actual patients, it’s m
uch m
ore fun, and you feel like you’re learning, and im
proving skills.  
…
 ///- because for m
e, I had done a little bit of laparoscopy already before. B
ut I think that box-trainer w
ould be m
ore useful at the very 
beginning, before you got your hands on actual patients. 
6 
Program
 
content 
access to 
training 
unique / value 
it's a really valuable opportunity and it's quite a unique opportunity that obviously isn't afforded to all trainees…
 having access to a 
piece of equipm
ent that's actually quite expensive and being able to take that hom
e is really unique and can be of great benefit.   
5 
w
e've obviously w
orked in a hospital w
here these box-trainers have been available in a room
 in the hospital to use.  B
ut that, I found, is 
even less likely to get used because there's certainly no tim
e or allow
ance at w
ork to actually go to that. 
5 
use at hom
e 
(positives) 
I like the ease of having it at hom
e and like I said, being able to fum
ble through it and feel a bit uncoordinated w
ithout som
ebody 
standing over your shoulder.   
8 
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Like you can have it sitting there set up so you can just do five m
inutes here and there if you need to. 
9 
use at hom
e 
(negative) – 
physical space 
if w
as able to sort of leave it set up, I could probably - like in a place that I w
alk past and be like, oh yeah I m
ight just play w
ith that for a 
bit. B
ut, I just didn’t have that m
uch room
 in m
y little apartm
ent…
 just having to rem
em
ber to pull it out and open it all up 
6 
self-directed 
I liked the self-directedness of it, I suppose, 
10 
“I could alw
ays w
ork ahead” 
1 
program
 
features 
ease of use 
I think the box trainer itself w
as very easy to set up and use…
 I'm
 a bit com
puter illiterate so not having to set up everything on the 
com
puter w
as really easy, m
ade m
y life easier.  
2 
I think it's been m
ade as sim
ple and as straight forw
ard.  It's not a hard thing or a tim
e-consum
ing thing to do.  O
nce you've opened it 
at hom
e, had a bit of a play, figured out how
 it w
orks, it's relatively easy to use.   
8 
equipm
ent 
validity 
the instrum
ents them
selves are often out of date, not w
hat's used in theatre 
3 
task validity 
positive 
Y
eah, I thought they [the tasks] all m
ade sense to m
e …
 could help your general [operating skills]…
 
3 
task validity 
negative 
if you’ve got [four dice] and you w
ant them
 stacked in your abdom
en, I can do that [laughs] - I know
 it’s useful for hand-eye 
coordination, but it does sort of seem
 - there’s no real correlation w
hat w
e do surgically w
ith that. 
7 
validity 
justification 
that if you give an explanation of how
 the skill that you're practicing could actually then relate to the things you'll do in surgery.  That 
again, could give a bit m
ore buy into it, being som
ething really useful to learn in a sense. 
5 
logbook 
the few
 tim
es that I then did things m
ight have been just five m
inutes here and I didn't end up logging the tim
e…
 I think because if 
you're just doing a little bit here and there, it alm
ost feels like it's not w
orth putting in the five m
inutes that you do.   
8 
Program
 
integration 
w
orkplace 
synergies 
in hours tim
e 
required 
I think people are probably m
ore likely to com
plete the exercises and m
aybe be m
ore receptive to it if you give them
 tim
e in hours for it. 
2 
guided 
teaching at 
w
ork required 
the lap sim
 sessions and I'd get actually a bit of guided teaching. That w
ould m
otivate m
e to com
e hom
e and do a little bit on the box 
trainer, as w
ell. 
3 
“an hour cranking aw
ay on your ow
n com
pared to five m
inutes of som
ebody teaching you little hints and tricks…
w
as fantastic”  
1 
requirem
ent 
of role 
(m
andatory) 
m
andatory 
(yes) 
S
om
etim
es you have to force people to do things…
 trainees should have som
ething like this built into their curriculum
…
 Y
ou think gosh 
I w
ould like to think that if som
eone gave m
e a box trainer it’s a gift. I think it’s a sham
e that people don’t jum
p at the chance 
2 
m
andatory 
(no) 
“you’d take the fun aspect out of it by m
aking it m
andatory…
 I w
ould actively discourage you from
 m
aking it m
andatory”  
1 
adult learning 
at the end of the day, w
e’re adults. Y
ou shouldn’t have to m
ake som
eone chase you and in real life, no one’s - as training, no one’s 
going to chase you to do things. 
6 
M
otivations 
C
om
peting 
priorities of 
self 
tim
e poor 
It w
as just literally finding the tim
e to do it. 
8 
It’s just that w
hen I had free tim
e, I w
ould rather spend it doing exercise, or w
atching TV
, or doing som
ething to chill out [laughs]. 
6 
inertia 
Facilitator: 
D
id you anticipate that you actually w
ouldn’t end up using it?  D
id you realise that that w
as going to happen? 
Interview
ee: 
Y
es.  I think so. 
4 
just getting m
y shit together to get started, I think, w
as probably the hardest thing.  
6 
procrastination 
I think by that stage I'd fallen so far behind on the project that I just kind of thought, w
ell it's all kind of gone to shit so w
hat's [the point]? 
3 
from
 the beginning of the m
onth and it tended not to happen despite m
y best intentions. 
it w
as just m
e being slack, to be honest. 
2 
parenting 
so w
e had a baby as w
ell in January this year and so about half w
ay through our study half becam
e a bit of a nursery. 
1 
The second thing w
as I guess just w
ith hom
e life I had som
e fam
ily changes during the program
.  I had a baby and obviously that 
becom
es a bit m
ore distracting and less tim
e.   
5 
C
om
peting 
w
ork duties 
duties 
I just think w
ith all the hours spent at w
ork and then doing other things related to w
ork, like research projects and policies et cetera, 
there w
as just no tim
e left to do the box-training project as w
ell. 
4 
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role 
the crux of it is w
hen you're a busy O
&
G
 registrar, there are so m
any dem
ands on your tim
e and  there are so m
any things, w
ork 
related, that are m
andatory.   
5 
M
otivating 
w
ork duties 
R
eal life 
operating as a 
m
otivator 
I m
ean [pause] m
y prim
ary m
otivation w
as that I w
ould like try and do som
e the night before m
y list and that sort of thing. 
9 
it's hard because you get so little operating at the [hospital] to then put it into practice. .. 
8 
E
xternal 
m
otivators 
M
otivated by 
tasks and goal 
setting 
if you don’t have the tim
e goal or som
e sort of goal to reach, it’s easy to get bored. 
6 
the video each m
onth w
as good because it kept m
e m
otivated. 
7 
“I w
anted to get better…
it w
as fun trying to get better than last tim
e” 
1 
deadlines 
like m
ost tasks, you probably spend m
ore tim
e on it in the w
eek that it’s due, or the day that it’s due [laughs] if you haven’t done it 
beforehand.  
7 
Feedback 
you w
ant to get a lot of feedback on w
hat you're doing so you can get an idea about w
hether or not you're actually im
proving or w
hat 
standard your skills are at 
5 
supervision 
som
eone looked at your video, so you knew
 one of the consultants w
ho I respected, w
as going to look at m
y video and I didn’t w
ant 
them
 to think badly of m
e. S
o I think that’s m
otivating. 
7 
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 S
tep 3: D
evelopm
ent of evidence-based interventions 
Them
e 
B
arrier 
TD
F dom
ain 
Intervention 
Plan 
Enabler 
TD
F dom
ain 
Intervention 
Plan 
1. P
articipant 
expectations about 
sim
ulation and the 
outcom
es of 
training 
D
isconnect 
betw
een 
intention to use 
and reality 
B
ehavioral 
regulation 
M
odelling 
E
nablem
ent 
 
 
B
elief that sim
ulation 
im
proved operative 
skills and translated 
to operative practice 
B
elief about 
consequences 
E
ducation/service 
provision 
E
nvironm
ental 
restructuring/legislatio
n 
Introduction pack 
w
ith evidence of 
value 
 
 
 
 
 
R
ecognition of need 
for sim
ulation 
related to level of 
experience or 
seniority 
B
elief about 
capabilities 
A
s above 
as above 
 
 
 
 
 
D
esire for skill 
developm
ent 
S
kills (physical) 
Training/guidelines 
M
odelling 
trainee-centred 
curriculum
 
2. P
rogram
 
content 
H
ardw
are 
com
ponents 
different to those 
used in real 
surgery 
E
nvironm
ental 
context and 
resources 
Persuasion 
Incentivisation 
E
nvironm
ental 
restructuring 
Feedback on 
outcom
es of 
behaviour 
A
ccess to 
equipm
ent (given to 
trainee and could 
use at hom
e) 
E
nvironm
ental 
context and 
resources 
P
ersuasion 
Incentivisation 
E
nvironm
ental 
restructuring 
 
 
Lim
ited space at 
hom
e to leave 
box trainer set 
up 
A
s above 
 
 
W
ork at hom
e at 
ow
n pace w
ithout 
fear of judgem
ent 
B
e self-directed 
B
elief about 
capabilities 
 
 
 
R
elationship of 
tasks to real 
operative skills 
O
ptim
ism
 
(pessim
ism
) 
E
ducation 
E
nvironm
ental 
restructuring 
Introduction 
pack w
ith 
evidence of 
value 
Include 
“choice of” 
tasks to allow
 
relation to 
surgical 
desires 
 
 
 
 
 
P
erceived low
 
value of logbook 
E
nvironm
ental 
context and 
resources 
Incentivisation 
E
nvirom
ental 
restrucuring 
M
onitoring of 
behaviour ( 
logbook 
docum
ent 
practice 
frequency 
rather than 
duration)  
 
 
 
 
3. P
rogram
 
integration 
Lack of in-hours 
protected tim
e 
for training 
E
nvironm
ental 
context and 
resources 
Incentivisation 
E
nvironm
ental 
restructuring 
S
chedule 
practice 
sessions in 
Training should be 
m
andatory 
R
einforcem
ent 
E
nablem
ent 
C
oercion 
education 
rew
ards for 
achievem
ent 
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hours 
4. M
otivations 
C
om
peting 
priorities, w
ork 
and life 
E
nvironm
ental 
context and 
resources  
A
s above 
 
G
oal setting and 
desire to im
prove 
perform
ance 
G
oals 
E
nvironm
ental 
restructuring 
E
ducation 
 
 
Feelings of 
inertia 
E
m
otion 
E
nablem
ent 
C
oercion 
educaion 
 
P
rogram
 tasks and 
deadlines 
R
einforcem
ent 
E
nablem
ent 
C
oercion 
educaion 
proficiency-based 
goals 
 
R
ole as a busy 
doctor 
S
ocial / 
professional role 
and identity 
environm
ental 
restructuring 
E
ducation 
 
S
upervision 
S
ocial / 
professional 
identity  
environm
ental 
restructuring 
E
du 
supervision 
 
 
Lack of real 
operating 
G
oal 
E
nvironm
ental 
restructuring 
E
ducation 
 
R
eal operating 
G
oal 
E
nvironm
ental 
restructuring 
E
ducation 
“S
chedule” 
sessions prior to 
surgery 
